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This, invention relates to toxic materials‘, par 
ticularly\to fungicidal materialsv and to fungi-w 
cidal compositions and to methods of combat 
ting fungi; \and more specifically to such prac 
tical, effective and low cost materials, composi 
tions and methodsfas may be used effectively on 
desirable plant life toprevent the growth of the 
parasitic fungi and yet not have a deleterious 
effect on the host plant in foliage. 
A foliage fungicide must, primarily, prevent 

infection of the host by the fungus for which it 
is being used. __It must also be selective and have 
a margin of safety in that, as used, it must not 
burn or injure the foliage of the host plant se 
verely at concentrations necessary to control 
the fungus. The foliage fungicide should also 
resist weathering which includes wash-oi‘! caused 
by rain, decomposition by ultra-violet light, ox 

' idatlon and hydrolysis in the presence of mois 
ture or, at least, such weathering as materially 
decreases the desirable characteristics of the ma 
terial, for instance the fungicidal action, or im 
parts undesirable characteristics, for instance 
phytotoxiclty, to the material. The fungicide 
should also be compatible with other constitu 
ents of the spray schedule, in particular, insecti 
cides. The control of fungi attacking other plants 
is a problem because the host and the parasitic 
fungus are both plants and it is difficult to in 
hibit the parasite and yet not injure the living 
host. 
We have found that certain basic chromates 

are fungicides of such high fungicidal activity 
and such low phytotoxic effect on a living plant 
as to be useful in fungicidal sprays. Not all' 
chromates possess this combination of proper 
ties. 
Chromates used in accordance with this inven 

tion are all basic, in the sense that the total 
equivalents of cation are greater than the total 
equivalents of anion exclusive of oxide and hy-‘ 
droxide. The term “basic" as here used does 
not infer that the hydrogenion concentration 
(the pH value) of the spray composition, or of 
the solution from which the chromate solubility‘ 
is determined or of the liquid in which the toxic 
chromates are prepared, is above the neutral pH 
of 7. Chromateswhich are basic with respect 
to valence may give water suspensions (slurries 
or spray compositions) or solutions or may be 
formed in liquors. with pH values under 7. - 

’ ~ It has heretofore been proposed to use chro 
mates to inhibit fungi but so far as we are 
aware no chromates have ever been used suc 
cessfully for fungi-inhibiting "foliage treata 

2 
men ,” by which is meant the treatment of foli- . 
age with a chromate which will remain on the 

\ foliage for a reasonable length of time and in 
\hibit the fungi during this period and not in 
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line the foliage too severely. It has been pro 
posed to apply compositions comprising chro 
mates\to weeds to kill the plants. It has also 
been proposed to use chromates to inhibit bac 
teria and the like in toilets, and chromates have , 
been proposed for'wood preservation. Alkaline 
earth chromates have been proposed for use on 
plants as insecticides but of the alkaline earth 
chromates barium chromate is ineffective as a 
fungicide and calcium and strontium chromates 
are too phytotoxic if used in sufficient quantity 
to remain on the plant through any appreciable 
amount of rainfall; and if used in such small 
amounts as not to injure the plant, they do not 
retain their effectiveness on being subjected to 
weathering. ‘ 
The basic chromates which we have found to 

be practical and effective for ‘foliage treatment 
are certain basic chromates containing multiva 
lent metals in the positive radical of the chro 
mate. By the term "multivalent metals” we 
mean metals which are combined in the chro 
mates with a valence of at least 2. From a cost 
point of view, chromates of metals such as gold, 
platinum and the rare metals are out of the 
question. The practical metals, in point of low 
cost for volume use, are iron, copper, zinc, alu 
minum and chromium. Nickel, cobalt, cadmium, 
cerium, uranium and mercury are generally too 
expensive for volume use unless special proper 
ties are desired or the fungicides are to be used 
noncommercially, for instance by householders 
on ornamental plants or in private gardens where 
cost is of little moment. The more expensive 
metals may, however, be used in connection with 
the cheaper metals as will hereafter be ex 
plained. . 

The term “multivalent metals” excludes the 
univalent metals such as sodium, potassium and 
other alkali metals; simple chromates of these ' 
metals are too phytotoxic as are also the simple 

Mercurous 
chromate is too insoluble to be fungicidal, and 
we have been unable to prepare a simple chro-‘ 
.mate of univalent copper. The univalent metals 
may _, appear in the chromates, however, along 
with the multivalent metals, the distinction be 
ing that where the metal of the chromate is only 
a univalent. metal the chromate is too phytotoxic 
for use as a foliage fungicide or is not fungi 
cidal. whereas where the metal of the basic chr0 
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mate is only a multivalent metal the chromate is 
satisfactory as a fungicide (provided it has cer 
tain solubility characteristics hereinafter 
plained) being fungicidal and not too phyto 
toxic; but a univalent metal may be used with 
a multivalent metal and yet provide a satisfac 
tory chromate fungicide. Thus it is not essen 
tial that the chromate contain a univalent metal 
but it is essential that the chromate contain a 
multivalent metal and while the basic chromate 
may contain only a multivalent metal it may not 
contain only a univalent metal. The utility of 
the univalent metal is in allowing an adjust 
ment within a given chromate type of (1) “chro 
mate solubility,” or (2) multivalent metal to hex 
avalent chromium ratio, or (3) fungicidal prop 
erties. \ . 

The criteria by which to determine which mul 
tivalent metals and the amount thereof to be 
used in the chromate are that the chromate 
solubility should be within the range hereinafter 
given, the amount must be regulated in the case 
of metals which exhibit speci?c toxicity toward 
a given plant so that the over-all phytotoxicity 

' is not too great and, as practical matters, cheap 
er metals should be used in place of more ex 
pensive metals, and no more metal should be 
used than is necessary to obtain the desired toxic 
action. Unless the metal has some speci?c ad 
vantage, for instance, as will later be shown, it 
controls insects or tip burn or safens with respect 
to over-all phytotoxicity, the object is to use as 

’. little multivalent metal as is possible per unit 
of hexavalent chromium. while retaining a usable 
solubility, in order to get a maximum amount of 
hexavalent chromium on the foliage for a given 
dosage or the minimum total dosage for a given 
amount of hexavalent chromium. ‘ 
Not all chromates of all of the previously 

mentioned multivalent metals may successful 
ly be used, as each metal affects the action 
of the chromate, either in the matter of fungi 
cidal action or phytocidal action or both. All 
chromates (including those contemplated here 
in, as well as those not contemplated) are 
soluble in, or are hydrolyed and the hydrolysis 
product is soluble in, water to some extent and 
when such a solution is analyzed a greater or less 
amount of hexavalent chromium will be found 
in the solution. It should be explained that'for 
all of the multivalent metals contemplated here 

ex- 7 

10 

20 

25 

30 

40 

45 

in, chromates with varying proportions of multi- ‘ 
valent metal may be formed, for instance there 
is the chromate C1l3Cl'Oe.6H2O and the chromate 
Cu'zCr2O13.6H2O. The majority of the chromates 
contemplated herein are of this non-Daltonian 
type. a characteristic of which is that their com 
position can vary in a continuous manner with 
their properties varying either imperceptibly or 
in a continuous manner. In the case of the 
chromate of any given metal or combination of 
metals, the toxic action of the chromate is at 
tributable in part to the negative chromate radical 
containing hexavalent chromium and in part to 
the positive radical comprising the multivalent 
metal if the multivalent metal itself is' toxic or 
has a synergistic effect, but it has been found 
with respect to the action of the toxic chromate 
radical that, if the amount of hexavalent chro 
mium in solution is too great, the chromate is 
too phytotoxic'while if the amount of hexavalent 
chromium in solution is too low the chromate is 
not fungicidal. We have found that by using the 
chromates contempated herein, we can produce 
compositions for foliage treatment to control 
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4 
fungous diseases of plants utilizing the hexavalent 
chromium to its fullest extent in inhibiting the 
fungi with the least phytotoxlc effect. 

In this speci?cation, reference is frequently 
made to the “chromate solubility”v of the chro 
mates. This is determined by shaking 1 gram of 
the particular metal chromate under observation 
with 100 cc. of distilled water until a saturated or 
substantially saturated solution is obtained, then 
?ltering and then analyzing the clear ?ltrate for 
the chromate radical, that is for hexavalent chro 
mium. The “chromate solubility” is the amount 
of hexavalent chromium in the ?ltrate expressed 
as grams of hexavalent chromium per 100 cc. of 
solution (g. Cr+“/100 cc.). The solution is made 
at a temperature of 25° C. With chromates near 
the upper limit of chromate solubility contem 
plated herein, the chromate solubility is reduced 
less than 7% in lowering the temperature from 
25° C. to 11° C. and is increased less than 15% 
in raising the temperature from 25° C. to 50° C. 
With chromates near the lower limit of chromate 
solubility contemplated herein, the changes of 
chromate solubility with temperatures between 
11° C. and 50° C. are negligible. The tempera 
tures of 11° C. and 50° C. are about the lowest 
and the highest temperatures to which foliage is 
exposed during the .application of fungicides. 
The solution from which the chromate solubility 
is determined becomes saturated, in general, by 
shaking the chromate and the water for a maxi 
mum of about 15 hours, conveniently overnight. 
Substantial saturation is obtained in the course 
of an hour or less, usually within a few minutes 
after mixing the chromate and the water and 
shaking. The shaking should be vigorous enough 
to avoid the formation of such aggregates of 
solid as fail to disintegrate again during further 
shaking. The chromate solubility is determined 
at the 1:100 ratio of chromate to water asthis is 
approximately the vmaximum concentration of 
chromate in a water slurry which we contem 
plate-applying to foliage. 
As will be shown later in this speci?cation by 

speci?c examples used for comparative purposes, 
metal chromates which have too high a chromate 
solubility are too phytotoxic to be of practical 
use as foliage fungicides. Certain chromates, for 
instance potassium chromate, calcium chromate, 
or copper dichromate, are too phytotoxic. A 
slurry of such a chromate, in effective dosage, 
cannot be applied to foliage without injuring the 
foliage. Of course a solution may be prepared 
containing only such a limited amount of, for 
instance, potassium chromate that the solution 
is not phytotoxic and this may be sprayed on the 
plants; but this is not practical because, in the 
event of rain and even in a heavy dew, the po 
tassium chromate dissolves in the water, washes 
oil’ of the plant and the fungicide is gone. Lead 
chromate is too insoluble to be a practical foliage - 
fungicide per se. The amount of ‘chromate in 
the slurry is not a sufficient criterion for Judging 
the eifectiveness'of the chromate as the liquid 
part of theslurry is saturated with the chromate 
or a hydrolysis product thereof and the concen 
tration of the solution (that is, the amount of 
chromate in the liquid part of the slurry) de 
pends principally, at any given time, upon the 
solubility of the particular chromate and only to 
a slight extent on the amount of chromate in 
the slurry. Mere mixtures of a highly soluble 
chromate, such as potassium chromate, and a 
substantially insoluble chromate, such as lead 

~75 chromatercannot effectively be. used even though, 



5 
when the mixture is subjected to the above solu 
bility test, the initial solubility may meet the 
chromate solubility requirement because the two 
chromates act as separate compounds, the potas 
sium chromate being phytotoxic and washing 
away on the ?rst rain and the remaining lead 
chromate exhibiting no fungicidal action. How 
ever, complex chromates containing lead together 
with a multivalent metal may have chromate 
solubilities in the range useful for fungicidal ac 
tion. For practical use on foliage, the chromate 
must have a chromate solubility within the limits 
given herein and, for use on hosts exposed to the 
weather, a slurry or a .dust is applied. The chro 
mates of the chromate solubility disclosed herein 
exhibit a correlation of four factors which en 
able the chromates to be useful and practical as 
foliage fungicides, namely sufficiently high fungi 
cidal action, su?iciently low phytotoxic action, 
suf?ciently low over-all solubility to retain their 
e?ectiveness on the plant during normal weather 
ing conditions between sprays but, with respect 
to that part of the chromate which does dissolve, 
a sufficiently high rate of solution quickly to form 
a fungicidal solution which spreads over the plant 
and‘ inhibits the germination of the fungous 
spores. The solid chromate, that is the chromate 
of the slurry or of the dust which is undissolved 
in the water of the slurry or undissolved in the 
water of rain, dew or plant guttation, provides a 
reserve of chromate in situ on the plant, readily 
at hand quickly to form a su?iciently concen 
trated solution of the chromate to be fungicidal 
with the water remaining on the plant after a 
rain or with water from dew or plant guttation. 
This solution will be of the correct concentration 
to deposit on the plant, as the moisture evapo 
rates, a ?lm of chromate which is fungicidal yet 
not too phytotoxic, the solution (or hydrolysis 
and solution)~of the chromates being reversible. 
Also, as the chromates are so relatively insoluble, 
the usual shower does not dissolve and carry 
away any great amount of the chromate. For 
the majority of the chromates contemplated 
herein, the chromate is slightly decomposed or 
hydrolyzed to a degree dependent upon the 
amount of water present but this hydrolysis is 
reversible. It should be understood that a 
fungous spore does not germinate except in the 
presence of water and that such germination is 
a necessary preliminary to the infection of the 
plant. The opportunity for a spore to germinate 
occurs when a water-base spray is applied to the 
plant and after each rain and when dew forms 
and possibly in the water of guttation but these 
are also the conditions under which the inhibitive 
solutions of the chromates form. Thus the chro 
mates contemplated herein provide a relatively 
long-lasting pest control which does not injure 
the plant when freshly applied nor, due to the 
stability of the chromates, thereafter. 
The chromate solubility of the chromate sho .ild 

be within the limits of from about 0.0001 to 0.03 
gram of hexavalent chromium per 100 cc. of so 
lution. With substances of the type contem 
plated herein which have chromate solubilities 
below the lower of these values, the concentra 
tion of dissolved chromate is too low to contribute 
anything discernable toward fungicidal action 
and chromates which have chromate solubilities 
above the higher of these values inhibit fungi 
satisfactorily but have‘ too high a chromate 
phytotoxicity to be applied to plants in foliage. 
For instance, barium chromate (BaCrOr) show 
ing a chromate solubility of only 0.0000’! and lead 
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chromate (PbCr04) showing a chromate solu 
. bility of only 0.0000009 were found to be non 

, phytotoxicity but it is not serious. 
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fungicidal. Wherethe-chromate solubility is be‘ 
low .006 there is no chromate phytotoxicity or-only 
a trace. and where the chromate solubility lies be 
tween .006 and .030 there may be some chromate 

Where the 
chromate solubility is above .030, chromate phyto 
toxicity may be serious in the absence of a safen 
ing agent. Thus the substances which are useful 
and are contemplated herein are basic chromates 
of multivalent metals whose chromate solubilities 
lie in a de?nite range. ‘These chromates are ef 
fective‘ plant fungicides and have such low chro 
mate phytotoxic characteristics that they are not 
signi?cantly injurious to plant foliage either 
during application to the plant by means of suit, 
able compositions, or immediately after ‘applica 
tion or throughout the period of contact with the 
plant unless the vspecific multivalent metal in the 
compound is itself phytotoxic to speci?c plants 
as copper is speci?cally phytotoxic to apple, but 
the speci?c phytotoxicity can easily 'be avoided 
by using another multivalent metal, for instance 
zinc, for all or a part of the copper. Fungicidal 
_action is influenced to a great extent by the mul 
tivalent metal of the, chromate, the preferred 
metals for this purpose ,being copper, cadmium, 
cerium, iron, zinc, aluminum and mercuric mer 
cury including these multivalent metals in com 
plex chromates. 
From a consideration of chromate No. 27 

(Table A) , it will be seen that where the chromate 
solubility is low the phytotoxicity is so low (rat 
ing 0-1) that the chromate may safely be used 
without injuring the plant too severely; and from 
a consideration of chromate No. 117, it will be 
seen that where the chromate solubility is high, 
the plant is injured (rating 3); and from a con 
sideration of chromate No. 156, it will be seen 
that where the chromate solubility is too low the 
fungicidal properties of the chromates are so low 
that the chromate is of no practical value. 
The lower chromate solubility limit of 0.0001 

(below which the chromate radical contributes 
practically nothing to the fungicidal action) is es 
tablished through a comparison of chromates 
Nos. 123, 156, and 157 with chromates Nos. 3, 4, 
37, '74, 81, 86, 108, 111, and 115. The ?rst three 
chromates have practically no fungicidal action 
and the latter chromates have good fungicidal 
action, as is indicated by the slide germination 
tests and greenhouse tests (Table A). 
Thus basic chromates are, for practical consid 

eration and use, sumciently fungicidal without 
being too phytotoxic if they have a chromate solu 
bility between .0001 and .030 g. Grill/100 cc. 
From the data disclosed herein, it will be seen 

that injury due to the‘ chromate radical is es 
sentially nil if the chromate shows a chromate 
solubility under .006 and is only slight or moder 
ate if the chromate shows a. chromate solubility 
between .006 and .03. Only when the solubility 
is .03 or above does the injury become serious or 
is it likely to be serious; Any exceptions to this 
may be due to the presence of phytotoxic quanti 
ties of another toxic element; and thus it is ap 
preciated that chromates having chromate solu 
bilities within the given range may be phytotoxic 
to speci?c plants dueto the presence of a spe 
ciflc metal, for instance ‘as copper is phytotoxic 
to apple. This type 'of phytotoxicity is recognized 
as it runs through all spray materials containing 
the metal, for instance the phytotoxicity of cop 
per to apple runs through Bordeaux mixture and 
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commercial ?xed coppers as well as through the 
chromates. However, while the chromate radical 
will not, in the case of a chromate of a highly 
phytotoxic metal like copper, overcome the‘ phy 
tctoxic effect of the copper on apple foliage, the 
situation is that where the chromate solubility is 
within the limits disclosed herein, the chromate 
phytotoxicity is within safe limits and the chro 
mate radical exerts its maximum fungicidal ef 
fect consistent with phytotoxic safety and allows 
the use of a minimum amount of multivalent 
metal, for instancecopper, which may be phy 
totoxic, thus in effect reducing the over-all phy 
totoxicity for a given fungicidal effectiveness. On 
the other hand, where the multivalent metal is 
not phytotoxic to a plant, for instance as zinc is 
not phytotoxic to apple, the optimum dosage from 
the standpoint of effectiveness and cost may be 
used. 
A distinction is made between over-all fungi 

cidal action, multivalent metal (or metal) fungi 
cidal action, and hexavalent-chromium (or 
chromate) fungicidal action; likewise a. distinc 
tion is made between over-all phytotoxicity, 
multivalent -metal (or metal) phytotoxicity, 
and hexavalent-chromium (or chromate) phyto 
toxicity. Over-all fungicidal action has, as com 
ponents, the metal fungicidal ‘action and the 
chromate fungicidal action. Over-all phyto 
toxicity has as components metal phytotoxicity 
and chromate phytotoxicity. Where the chr0 
mate solubility is within the limits set herein, the 
chromate is fungicidal and the chromate phyto 
toxicity is negligible or non-existent. None of the 
species of plants (potato, apple, cherry, tomato, 
bean, tobacco, buckwheat, bayberry, cabbage, or 
cucumber) which have been sprayed with chro 
mates show a speci?c sensitivity to chromate as, 
for instance, some plants'show to copper. Where 
the over-all phytotoxicity of the metal chromate 
is too great on any particular species of plant, the 
phytotoxicity is due to the sensitivity of the par 
ticular species to the particular metal of the 
metal chromate and a remedy is to reduce, in the 
metal chromate, the amount of metal to which 
the plant is sensitive or to include in the metal 
chromate complex a safening metal as a part of 
the metal chromate as, for example, lime in 
safening copper injury. The amount of metal to 
which the plant is sensitive may be reduced by 
replacing it partially or wholly by a metal to 
which the plant is not sensitive or by controlling 
the conditions under which the metal chromate 
is prepared so that the chromate contains less of 
the metal in proportion to the hexavalent chro 
mium. The phytotoxic effect due to chromates 
with solubilities above the upper limit, for in 
stance alkali chromates, should not be confused 
with the speci?c’ phytotoxicity of a particular 
metal for a particular species‘of plant; but even 
in the case of speci?c phytotoxicity, the amount of 
damage which the multivalent metal can do, is 
reduced because, due to the chromate fungicidal 
action and minimum chromate phytotoxic action, 
less of the metal chromate is required for control 
of the fungus and hence there is less phytotoxic 
metal on the plant. I ‘ 

The signi?cance of the chromate solubility lim 
its is illustrated in the following table by random 
examples. To illustrate this point further, the 
pertinent data from Table A have been tabulated 
in the accompanying Table 1. Only the average 
phytotoxic rating on buckwheat, bushbean, and 
tobacco (hereafter sometimes designated as 
B. B. T.) has been used, because it represents the 
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average of several individual tests on ‘several rep 
resentative plants. The tomato .phytotoxicity 
tests and other phytotoxicity tests described here 
in serve to con?rm the relationship established by 
the B. B. T. tests. The tests are described later 
in this speci?cation under the heading “Tests." 
Table 1 is divided into four principal groups of 

columns. The first group of four columns lists 
chromates whose chromate solubility is above .08, 
and whose B. B. T. rating is above 2. These chro 
mates are not contemplated for foliage treatment, 
because they injure the foliage. The second and 
third groups of four columns each, list representa 
tive chromates whose chromate solubility falls 
within the critical limits herein disclosed. The 
chromates listed in the second and third groups 
are representative of those contemplated in this 
invention. The chromates contemplated are di 
vided into the second and third groups, on the 
basis of phytotoxicity. Those whose chromate 
solubility lies between .006~and .03 may exhibit 
moderate chromate phytotoxicity as shown by the 
representative chromates listed in the second 
group. The chromate phytotoxicity is not severe 
enough, however, to rule them out as effective 
fungicides, just as the moderate phytotoxicity of 
Bordeaux mixture or lime-sulfur to apple does 
not preclude their use as commercial treatments 
for apple foliage. Where the chromate solubility 
is between .006 and .0001, chromate phytotoxicity 
is either absent or barely discernible as illustrated 
by the representative chromates in the third 
group. ‘ 

The lower limit of chromate solubility (.0001) 
is based on‘ fungicidal effectiveness. As illus 
trated by the four chromates in the fourth group 
(?ve columns), where the chromate solubility is 
below this limit, the chromate radical contributes 

' no practical fungicidal effectiveness to the prod 
uct, as measured either by the slide germination 
tests or the greenhouse tests, or both. The fun 
gicidal effectiveness of chromates whose chro- ‘ 
mate solubility is above .0001 is not shown in 
Table l, but data are given in Table A. The lower 
solubility limit is a threshold limit above which 
the chromate radical is capable of exerting maxi 
mum‘ fungicidal effectiveness. For chromates 
with solubility above this limitjthe degree of fun 
gicidal e?‘ectiveness is not affected appreciably 
by further increases in chromate solubility, but 
is affected by the choice of multivalent metal or 
metals used. 

TABLE 1 

Signi?cance ofchromate solubility 
[Chromates with high chromate solubility, above .03] 

GROUP 1 

chromate Phytotoxicity 
Identi?cs~ T solubility, Buckwheat, 
tion No 713° 01 Bushbean, 

' "’ s-us Tobacco 
pension Rating 
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I [Chrometes with chromate solubility within the prescribed limits-l 

’ {Between .006 and .03.] , 

Phytotoxicity 
Buckwheat, . 
Bushbean, 
Tobacco 
Rating 

Chromate 
Solubility, 
1% Sus 
pension 

Identi?ca 
tion N 0. Type 

. 017 ‘ 

0066 
19 
26 
42 
77 

103 
109 
114 
127 
128 
144 
153 
154 
155 
158 
131 
65 

1 Organic radical present. 

[Between .0001 and .ooa] 

GROUP 3 . 

Phytotoxicity 
Buckwheat, 
Bushbean, 
Tobacco 
Rating 

Ohromate 
Solubility, 
1% Sus 
pension 

Identi?ca 
tion No. 

O 

[Chromates with chromate solubility below the lower limit] 
[Below .OOOL] 
GROUP 4 

011mm?“ Fungiclde'l‘ests 
Identi?ca- Type Solubility, ’ 
ti°n'N°' - 1% 8315' Slide Germi- Greenhouse 

‘ pension nation Tests Tests 

156 Nil Very Poor... Very Poor. 
157 D0. 
123 ‘ - Do. 

162 Nil Very Poor... 

Nora: The identi?cation numbers used rei'er to the chromates 
more speci?cally described in Table A. 

Criteria determining which metal is; or which 
metals are to .be used in the chromate together 
with the hexavalent chromium are primarily the 
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fungicidal and phytotoxlc characteristics. Sub 
sidiary criteria are: . . 

(1) A lower cost product may be obtained by 
using a cheaper metal instead of one more ex 
pensive. Thus iron or aluminum may be substi 
tuted for apart of the copper in a copper 
chromate; chromate No. 72 or No. 44 may be used 
instead of No. 3. , ' \ - 

(2) Two or more. metals may be included in the 
.chromate to broaden the range of effectiveness, 
including the effectiveness against other pests 
for which foliage treatments are used; for in 
stance, while copper gave complete control of late 
blight on potatoes but only partial‘ control or tip 
or hopper burn, the incorporation of cadmium, 
magnesium, zinc or calcium into the chromate 
gave good control of both. 

(3) Another toxic element may be used in place 
of or in addition to, for instance, copper, to avoid 
or safen the phytotoxic action of the copper. 

(4) The metal may be used to impart syner 
gistic biological action. 

(5) The metal may be used to improve the 
physical properties of the chromate, for instance 
adhesion to the plant and ?owability in dusting. 
Each'of the complex chromates contemplated 

herein, from a theoretical point of view, may be 
considered as a complex of different chemical 
radicals. This may be explained in connection 
with the chromates CllZIl4Cl‘Oa.4H2O v(chromate 
.No. 27, Table A) and CusCdCraOle.9H2O (chro 
mate No. 38, Table A). These chromates may 
be assigned the empirical formulae ' 

CuO.4ZnO.CrO3.4HaO 

and. 8CuO.CdO.3CrOa.9I-Iz0, respectively, in con 
formity with metallurgical practice, that is as 
a‘?rmly bonded association of the oxides of cop 
per,_zinc or cadmium, and chromium in the pro 
portions given. The chromates may also be ‘rep 
resented as CuCrOuiZnOAHaO or ' 

ZnCrOaSZnQCuOAHzO 

respectively. but these representations imply a 
loose combination of neutral Daltonian chro 
mates and residual oxide which the properties 
of the chromates fail to con?rm. * 
Whichever formulation is used, it is to be recog 

nized that the coe?icients for each atom or radi 
cal are merely the closest small integers cor 
responding to the chemical analysis. Minor 
variations in composition as shown by analysis 
can be distinguished by using larger integer co 
e?icients, but in general this is not j usti?ed since 
the essential properties vary slightly if atgall 
with minor composition differences. . 

Further to illustrate the point mentioned above, 
the analyses of several batches of basic copper 
chromates are given below: 

Analysis, Percentage Mols Oxide per 100 
Identi?- by Weight grams Molar Ratio. 
cation * > 

No. - ' 

OuO OrO; H1O CuO CrO; H1O CuO/CrO; 

62. 70 24. 80 10. 25 . 788 . 248 . 586 3. 17 
3 _______ __ 60. 58 23. 60 13. 00 . 761 . 236 .6723 3. 22 

63. 00 24. 32 12. 39 . 792 . 243 . 688 3. 25 
63. 04 23. 38 11.22 _. 792 . 234 . 625 3. 39 

4 64. 00 22. 29 12. 16 . 804 .223 . 675 3. 45' 
““““ " 63. 86 22. 89 11.93 .798 . 229 .663 3.49 

64. 32 23. 00 10. 58 . 808 . 230 . 588 3. 51 



11 
These may each be considered separate prod 

ucts since none have identical analyses, in which 
case large integer coefficients in the formulae 
would serve to identify them; or they may all 

a be considered the same product since the ana 
lytical differences correspond to no marked dif 
ferences in other properties. particularly solu 
bility, and fungicidal and phytocidal properties. 
For purposes of classification a system was used 
whereby the ?rst three are designated as 

and the latter four as 7CuO.2CrOa.6H:O (chro 
mates Nos. 3 and 4, respectively, Table A). 

Ordinarily, for a given series of chromates, 
continued washing not only lowers the chromate 
solubility but also lowers the Proportion of CrOa. 
The proportion of CrOa ?xed in the product also 
depends to some extent upon the thoroughness 
and vigor of mixing the reactants during prepa 
ration. Thus two separate batches made from 
the same proportions of reactants may be washed 
to the same chromate solubility and have slightly 

- different proportions of CrOs, or they may be 
washed to the same composition and have slightly 
different solubilities. 
While obtaining the maximum fungicidal ac 

tion from the chromate radical and operating in 
a safe range of chromate phytotoxicity by using 
chromates showing a chromate solubility within 
the limits herein given, the over-all fungicidal 

_ action as well as the phytotoxic action of the 
chromates can be controlled in one or more of 
the following ways: 
, (1) One heavy metal may be substituted in 
whole or in part by another; for instance, copper 
in a chromate is generally more fungicidal than 
zinc, and copper is also generally more phytotoxic 
and, particularly, is more phytotoxic to apple, 
than is zinc; and so copper chromates are gener 
ally preferred as less total amount of copper 
chromate than zinc chromate is generally re 
quired to obtain fungicidal action but, for in 
stance. in the case of apple, the copper may be 
partially or wholly replaced by zinc and the spe 
ci?c phytotoxicity of copper to apple may thus 
be avoided. For use on plants which are highly 

' resistant to phytotoxic influence, fungicidal ac 
tion may be increased by using a highly fungicidal 
metal. 

(2) The amount of heavy metal in the chro 
mate may be varied in relation to the amount 
of hexavalent chromium. Due to the high fun 
gicidal effectiveness‘ of hexavalent chromium, it 
is desirable to have the proportion of CrOa to ‘ 
multivalent metal as high as possible, especially 
if the contemplated use is on a plant known to 
be sensitive to the metal, or if the metal is ex 
pensive. In the preparation of a chromate of 
any given series of chromates, for instance 
copper chromates, a higher proportion of the 
reactant containing hexavalent chromium forms 
a. chromate having a higher proportion of hexa 
valent chromium up to a certain limit. For 
example. in simple basic copper chromates the 
limiting molar Cr : Cu ratio is about 1:25 and 
for basic zinc chromates the limiting Cr : Zn 
ratio is about 1:2. Further increases in the pro 
portion of the chromate reactant result in losing 
hexavalent chromium in the mother liquor or in 
having Cl'Oa so loosely bound that the product 
has too high a chromate solubility. In the series 
of potassium copper chromates, ratios as high as 
1:1 have been obtained, but since these have solu 
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12 
increased fungicidal effectiveness has to be bal 
anced against the slight chromate phytotoxicity 
encountered in this range. 
Where the multivalent metal under considera 

tion has desirable properties (other than fungi 
cidal) such as giving control of insects. tip burn, 
or safening the effect of another metal present, 
it may be desirable to increase its proportion in 
the ?nal product by increasing the proportion 
of the reactant carrying it in the preparation 
of the chromate. Examples are given elsewhere 
of metals having these desirable properties and 
of chromates prepared to utilize these properties. 
The pH of the reacting mass from which the 

chromate is prepared frequently affects the pro 
portion of hexavalent chromium. This is illus 
trated by comparing basic iron chromates-Nos. 
138 and 136. No. 138 was precipitated in an 
acid medium with a resulting proportion of CrO: 
higher than in No. 136 which was precipitated 
near neutral pH. 

(3) A precipitated non-Daltonian chromate 
may be washed with water after formation or 
repeatedly digested with water. 
moves the mother liquor and the highly soluble 
constituents carried by the precipitated chro 
mate. Further washing progressively decomposes 
or hydrolyses the product, usually giving a new 
product of progressively lower chromate solubility 
and lower proportion of contained Cl'Oa. This 
affords a means of obtaining a suitable chromate 
solubility if the original solubility is too high, 
but at the sacri?ce of some chromate during 
washing. Thus a chromate of the empirical 
formula K2O.3CIIO.3CI‘.OJ.2H3O (chromate No. 
19) , which has a chromate solubility of .017, upon 
washing, or upon repeated digestions with water 
shows an. empirical formula of 

(chromate No. 21) and a chromate solubility 
of .007. 

(4) A precipitated non-Daltonian chromate 
may be autoclaved either in the mother liquor or 
in fresh water. The high temperature obtained 
by the autoclaving renders the product in such 
a condition that it can subsequently be washed 
down to a desired chromate solubility with less 
washing than when washed without prior auto 
claving. ' 

(5) Beside the principal multivalent metal 
(essential in a fungicidal but non-phytotoxic 
chromate) one or more additional metals may 
also be incorporated in the chromate complex to 
obtain certain desirable effects; for example, cad 
mium-copper chromates, zinc-copper chromates. 
calcium-copper chromates, calcium-zinc-copper 
chromates, calcium-arsenato chromates, cobalt 
copper chromates, calcium-aluminum chromates, 
or zinc-cerium chromates may be pryépared. In 
all but the last two, the principal advantage ob 
tained from the secondary metal or metals is in 
secticidal action, although in several cases (in 
cluding the last example) the fungicidal effec 
tiveness is improved as well. By comparing cal 
cium-aluminum chromate (No. 116) with the 
other aluminum chromates (Nos. 112, 113, 114 

' and 115), it appears that aluminum has a slight 
phytotoxic action which is safened by calcium in 
the complex. Thus the over-all effectiveness of 
chromates can be further controlled by the choice 
of secondary metals in the complex chromate. 
(These are not to be confused with “addends" 
discussed later.) 

bilities only slightly under the upper limit, their 75 With the foregoing principles in mind, it will 

The water re- . 



l 

13 
be understood how the fungicidal and phytotoxic 
.and other characteristics of the chromates may 
be regulated. Additional examples illustrating 
these principles will be given hereinafter. 
In connection with the production of the chro 

mates, for instance the copper chromates, it is 
found that small amounts of accidental impuri 
ties occluded from the mother liquor such as sul 
fate (which sometimes replaces part of the chro 

' / mate in the product when, for instance, copper 
sulfate is used in the preparation of the chro 
mate) have no adverse effect on fungicidal action 
except insofar as the substitution reduces the 
amount of reserve chromate present. The im 
purities may, however, aifect the chromate solu 
bility and consequently the phytotoxic action of 
the chromate. These impurities are of the type 
which may be removed by washing or autoclav 
ing or digesting the chromate, or otherwise treat 
ing it in the manner stated herein to removesol 
uble and phytotoxic components of the chromate 
and to lower the chromate solubility, if necessary, 
to the range of chromate solubility stated herein. 
The acid radical, sulfate, used in preparing 

chromates such as the calcium—copper chromates 
Nos. 12, 13, 14, 15, 16, or 17 and the calcium-zinc 
copper chromates, Nos. 31, 32, or 33, remains 
?xed to more than a negligible extent in the ?nal 
product and is thus shown in the formulae. It 
may be considered an inert component rather 
than an impurity in the chromates herein con 
templated. ‘ 

Thev chromates contemplated in this invention 
may be prepared by several methods. The two 
most general methods of preparation are as fol 
lows: . 

(l) Precipitation method (action of solutions 
to form a solid). An aqueous solution of a water 
soluble salt of the multivalent metal involved, for 
instance the sulfate, chloride, nitrate or the like, 
is combined with an aqueous solution of a water 
soluble material containing hexavalent chro 
"mium, for instance chromic acid or an alkali 
chromate or dichromate with the further addi 
tion of a basic substance, for instance an alkali 
or alkaline earth hydroxide, ammonia or a simple 
amine, for instance ethylene diamine, in order 
to adjust the precipitation pH. The multivalent 
metal chromate precipitates when the solutions 
are combined and thoroughly vmixed. The chro 
mate may be autoclaved in the mother liquor as 
vdescribed herein or be separated from the liquor 
by decantation or ?ltration or be separated by 
any other suitable means or methods, and washed 
or otherwise treated as described. 
An appropriate order of mixing the reactants Y 

is to add the alkali chromate solution or equiva 
lent to the solution containing the multivalent 
metal and then mix in the basic ingredient to 
give the desired pH which is preferably neutral 
unlessv the speci?c case warrants a different pH. 
All or a portion of the basic ingredient may be 
mixed with the alkali ‘chromate solution prior to 
adding it to the metal solution if desired. The 
time and vigor of stirring must be sufficient to 
attain equilibrium which may occur in from about 
5 minutes to about 10 hours depending upon the 
e?lciency of the stirring equipment and the re 
actants involved. When the pH of the reacting 
mass remains substantially constant under stir 
ring, for instance over a period of about 20 to 30 
minutes, equilibrium is essentially estabished. ‘ 
The pH of the solutions in which chromates, 

suitable as fungicides, are made may range from 
about 3 to 12. Chromate No. 138 was made at a 

_ pH of 3 and chromate No. 16 was made at a pH 
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of 12. At about neutral pH the maximum amount 
of hexavalent chromium is ?xed in the chromate 
and in this way, for any given chromate series 
(that is, with a given multivalent metal or com 
bination of metals) precipitated at a given pH, 
the chromate solubility of the ?nished chromate 
is higher, the lower the ratio (M/Cr) of multi 
valent metal to hexavalent chromium; or, if the 
ratio M/Cr is about the same, the chromate sol 
ubility of the ?nished chromate is greater the 
more the precipitation pH deviates from neutral 
in either direction; or if the precipitation pH is 
about the same, a lower ratio of M/Cr can be 
obtained without too high a chromate solubility, 
if sufficient basic metal or its eguivalent is also 
present, for instance calcium, potassium or am 
monia. In general, however, other conditions 
being the same, more multivalent metal is found 
in the ?nished chromate, the higher the propor 
tion of such metal in the reactants. 

EXAMPLE 1 

Following this procedure a typical basic copper 
chromate, similar to ‘No. 3‘ (3CuO.CrOa.3HzO) 
was preparedas follows: ' 
A solution of ZZJ/‘LDQUHQQOf NazCrOr in 71/2 

gallons of water, another of 39 pounds of‘ caustic 
soda (approximately 75% NaOH) in 15 gallons 
of water, and a third of 152% pounds of ’ 

CuSO4.5H2O 

in 32.7 gallons of water were made-up and ana 
lyzed. On the basis of these analyses (11.88 gm. 
CrH/IOO ml. solution, 28.62 gm. NaOH/100 ml. 
solution, and 7.42 gm. Cu++/100 ml. solution), 
and the theoretical mol requirements of 

90% of the theoretical volume of NaOH solution 
was added to the theoretical amount of NazCrO4 
solution. Thesev volumes were all based on the 
whole of the CUSOA solution. 4 v 
After su?icient mixing to obtain a homogeneous 

solution, the basic chromate solution was added 
tothe CUSO4 solution over a period of 1 hour with 
vigorous agitation. The slurry was digested for 
17 hours at room temperature but little or no 
digestion should be necessary at this point. The 
pH was 4.68 after the addition. 
Using the remainder of the NaOH solution the 

pH of the slurry was carefully raised to 6.6 (2.74 
gallons being used) and held there for a 4 hour 
digest (2 hours should be sufficient) with agita 
tion at room temperature. 
The ?ltration and washing were done in three 

press loads in a Shriver plate and frame press. 
Filtration (times were all approximately \l hour. 
The ?rst press load was washed to a concentration 
of 0.0001 gm. (0.001 gm./100 ml. is low enough) 
Cr+6/10_0 ml. solution, with 25 gallons of water. 
‘The other two press loads were washed with a 
proportionate amount of water. . 
The product was dried in a Devine drier at 

20-25" Hg vacuum and at temperatures of 
70-90° C., micropulverized, and blended. The 
chromate showed, upon analysis,v 58.86% CuO, 
24.04% CrOa, and 3.56% S03. 

(2) Slurry method (action of a solution on a 
solid to ‘form another solid). The metal desired, 
in insoluble form, for instance as an oxide or 
hydroxide, or carbonate is thoroughly dispersed 
in water to form a starting slurry. An aqueous - 
solution of a water-soluble material containing 
hexavalent chromium, for instance chromic acid 
or an alkali chromate or dichromate or other 
soluble dichromate, such as copper dichromate, is 
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then stirred into the starting slurry in suiilcient 
amount to react with the suspended material 
in the starting slurry to. form the desired basic 
metal chromate. The ?nal mass will ‘be a slurry 
of the desired basic metal chromate. It a chro 
mate or dichromate is used rather than chromic 
acid, the addition of the required amount of a 
suitable acid, for instance sulfuric acid, will re 
lease chromic acid from the chromate or dichro 
mate and thus assist the reaction in going to 
completion. Another condition of this reaction 
is that su?icient water must be present to allow 
easy mixing. The basic chromates formed may 
be highly hydrated, and with ,insu?lcient water 
present, gelling or caking may/occur. Aluminum 
chromate No. 114 and zinc chromates Nos. 81 
and 82 were prepared in this manner. Among 
other chromates prepared in this manner were 
Nos. 27, 83, 85, 87, 100, 101, 102, 108, and 109. 

EXAIMPLE2, 
Following this procedure, a typical basic zinc 

chromate similar to chromate No. 82 

was prepared in the following manner: 
A solution of 33 pounds of anhydrous chromic 

acid in 6 gallons of water was made and analyzed 
for Cr". A zinc oxide slurry was made by mix 
ing 85 pounds of zinc oxide in 24 gallons of water 
until a well-dispersed slurry was obtained. On 
the basis of the chromic acid solution analysis 
(30.1 gm. Cl‘Oa/ 100 ml. of solution) enough solu 
tion was added to the zinc oxide slurry to form 
the theoretical product (4ZnO.CrO3.3H:O). Thev 
amount of solution used in this case was 5.40 gal 
lons or 26.1 pounds of C10: per 85 pounds of ZnO, 
a molar ratio of 

ZnO 4/1(Cr03 
The chromic acid solution was added to the 

zinc oxide slurry over a period of 1/2 hour at room 
temperature. Extra water had to be added be 
cause the slurry showed a tendency to gel after 
the chromic acid addition. The slurry was agi 
tated for 171/2 hours at room temperature, but 
this length of time is not deemed necessary to 
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Another solution of 30 ‘pounds NaOH in 18 gal 
lons of water was made up and analyzed for 
gm. NaOH/100 ml. of solution. On the basis of 
these analyses the theoretical amount of NaOH 
solution was added to the whole of the @1804 so 
lution to form the precipitate of Cil(OH)2. The 
analysis of the CuSO4 solution was 2.89 gm. 
Cu++/100 ml. of solution, and that of the NaOH 
solution was 18.9 gm. NaOH/100 ml. of solution, 
so 16.11 gallons of NaOH solution were added to 
83.8 gallons' of CuSO4 solution. The solution 
was added over a period of 1 hour and the re 
sulting slurry was digested with agitation for 2 
hours at room temperature. Although the 
Na2SO4 formed could be washed out by a separate 
?ltration, it was allowed to remain in solution 
until the ?nal ?ltration. 
After the digestion, Zno was added to the 

vslurry in solid form. The theoretical amount 
was used to give the desired mol ratio in the 
product of 4Zn: lCu. This amount, 103.5 
pounds, was added over a period of 1 hour and 
the slurry was agitated for 10% hours at room 
temperature, although about 2 hours would prob 
ably be sufficient. 
The chromic acid was made from an analyzed 

solution of NazCrzOr (45 pounds NazCrzOr in 11 
gallons of water) by adding the theoretical 
amount of H2SQ4 (66° Bé). The analysis of the 
Na2Cr2O-1 solution was 13.38 am. Cr+°/100 ml. 
of solution, and 91.6 pounds of H2SO4 were added 
over a period of 11/3 hours. The solution was 
digested with agitation for 1 hour at room 
temperature and a sample was again analyzed 
for gm. CNS/100 m1. of solution. On the basis of 
the last analysis (9.56 gm./l00 ml.) and the 
previous ‘CuSO; solution analysis, 20.8 gallons of 
chromic acid solution were found necessary to 
form the product with the desired mol ratio or 
lCr-lCu. This volume was added to the slurry 
over. a 14 hour period and the slurry was di 
gested with agitation for 4 hours at room tem 
perature. ‘ 

12' " The ?nal pH of the slurry was 5.3. Since it is 

45 

have a complete reaction. The pH at the end of . 
the digestion period was 6.64. 

Filtration and washing were carried out in a 50 
Shriver plate and frame press. The ?ltration 
time was 1 hour. 
The precipitate was washed with water to a 

Cr+6 concentration of 0.00218 gm./ 100 ml. of solu 
tion. The volume of wash water ?owing through 
the press was 900 gallons. 
The cake was dried in a Devine drier under 

15" Hg vacuum in a temperature range of 
70-90° C. It was then micropulverized and 
drummed. The chromate showed, upon analysis. 
19.86% Cl'Oa and 67.02% ZnO. 
These general methods may be varied. 

EXAPMPLE 3 

Preparationof a zinc copper chromate similar 
to chromate No. 27 (CuO.4ZnO.CrOa.4HzO). In 
this preparation solid ZnO was added to a slurry 
of freshly precipitated Cll(OH)z made by adding/ 
a caustic soda solution to a CuSOr solution. No 
reaction between the ZnO and Cll(OH)2 took‘ 
place until a solution of chromic acid was added, 
at which point the insoluble chromate formed. 
A solution of copper sulfate was made up using 

75 pounds of CuSO4.5H2O in 81 gallons of water 
and analyzed for gm. Cu++/100 ml. of solution. 
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possible in this case to lose Cr from the product 
due to its solubility in an acidic solution the pH 
was brought up to 6.95 with caustic soda solution. 
The pH was held at 6.95 while the slurry was 
digested for 2 hours to be sure the pH would - 
remain constant during ?ltration. 

Filtration and washing was done in a Shriver 
plate and frame press. The ?ltration time was 
1% hours. Water was used for washing and a 
total of 650 gallons was fed to the press. Wash 
ing was continued to a concentration of 0.0009 
gm. Cr+6/l00 ml. 01' solution. 
The washed product was dried, in a Devine 

drier under 15" Hg vacuum in a temperature 
range of 70-90° C. After drying it was micro 
pulverized and drummed. The chromate showed, 
upon analysis, 14.06% CrOa, 12.32% CuO, 53.78% 
ZnO, and 5.42% S03. 

EXAMPLE 4 

Preparation of a calcuim copper chromate 
similar to chromate No. 16‘ 

In this preparation a solution (CUSOO was re 
acted with another solution (NazCroi) to form a 
slurry. A suspension (C9.(OH)2) in water was 
then added to the slurry and the Ca was absorbed 
in the original precipitate. . 
A solution of 93.5 pounds or CllSO4.5H2O in 94 

'gallons of water was made up and analyzed 
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(3.13 gm. Cu++l100 ml. of solution) and another 
solution of 32 pounds of Na2CrO4 in 10 gallons 
of water was made up and analyzed (9.82 gm. 
Cr+°/100 ml. of solution). On the basis of these 
analyses the theoretical volume of Na2Cr04 solu 
tion was added to the whole of the CuSO4 solu 
tion to obtain the mol ratio of 3Cu : 1Cr. in the 
resulting precipitate. This volume was 8.05 gal 
lons and was added at room temperature over a 
period of 1/2 hour. The slurry was digested with 
agitation for 6 hours but a 2 hour digestion 
should be su?lcient. The ?nal pH was 4.1. 
The Ca(OH): suspension was made using the 

theoretical amount of lime, 100.1 pounds (70.0% 
CaO), in 100 gallons of water. This theoretical 
weight was calculated based on the Cu++ solu 
tion to form the product with a 11101 ratio of 
3Cu:10Ca. The suspension was added to the 
slurry over a period of 1 hour at room tempera 
ture and the resulting ~slurry was digested with 
agitation for '7 hours at room temperature. Here 
again 3 or 4 hours should be a long enough di 
gestion for complete reaction. The ?nal pH was 
12.3. , 

The slurry was ?ltered through a Shriver plate 
and frame ?lter press. The ?ltration time was 
1 hour. _ - 

Water was used as a wash and the washing was 
continued to a concentration ‘ of 0.001 gm. 
Cr+°/100 ml. of solution, at which point 540 gal 
lons of water had been fed to the press. 
The product was dried in a Devine drier under 

15" Hg vacuum and at temperatures of 70-90“ C. 
It was then micropulverized and drummed. The 
chromate showed, upon analysis, 16.85% CuO, 
39.25% CaO, 6.56% CrOa. and 13.70% S03. 

EXAMPLE 5 

For further examples, the potassium copper 
chromate. K=O.3Cu0.3CrOa.2I-Iz0 ' (No. 19) was 
made by dissolving 48.3 parts (by weight) of cop 
per nitrate in 200 parts by weight of water (solu 
tion A) and stirring into this a solution (solu 
tion 3) made from 38.8 parts of potassium 
chromate, K2C1‘O4 in '15 parts water, then KOH 
was added to neutral pH. 

6 

The chromate of Example 5 was also made by 
dissolving 97.6 parts (by weight) of copper oxide 
in 450 parts by weight of chromic acid (1 part 
CrOa to 1 part H20 by weight) to give copper 
dichromate. To this was added about 224 parts 
by weight of potassium hydroxide in an equal 
weight of water which precipitated the potassium 
copper chromate, and served to adjust the pH to 
neutral. 
The chromates of Examples 5 and 6 had the 

same chromate solubility, toxic e?'ects and other 
characteristics whichever way they were made. 
Chromates precipitated at various tempera 

tures from room temperature up to the tempera 
ture of the boiling solution of reactants all were 
satisfactory. In some cases chromates were 
washed and then, without intermediate drying 
and pulverizing, applied to the plant (chromates 
Nos. 5, 6, 8, and 9) again with satisfactory re 
sults. 
Instead of preparing the chromate fungicides 

from relatively pure reactants, as in the previous 
examples, it is contemplated that they may be 
prepared from properly treated chromium ore. 
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v'I'o this end a chromium ore, for instance the one 
known as chromite. is treated as in commercial 
practice to yield soluble chromates and dichro 
mates in a series of steps. The ?rst chemical 
reaction ‘involves oxidizing the major portion of 
the chromium to the hexavalent state and ren- ' 
dering it soluble in water or dilute acid. A typi 
cal chromite was pulverized, mixed with lime 
stone, soda ash, and coal, and roasted in a rabble 
furnace at a temperature above the fusion point 
of sodium carbonate for 8 to 10 hours and then 
at a temperature below the fusion point for an 
additional 8 to 10 hours. ‘ 
The product at this point, referred to as chrome 

ore calcine, is about 80%‘ soluble in dilute sul 
furic acid. The acid soluble portion of the chrome 
ore calcine used in preparing the chromates de 
scribed had the following approximate analysis: 

Per cent 
CrOa 28.80 
CaO 36.64 
F8203 7.0 
Bio: 6.32 
A120: 5.9 
M20 ' 4.28 

CHO: 3.4 
FeO 0.41 
MnO 0.02 

A suspension of chrome ore calcine in water 
(wherein some of the chromate dissolves) may 
be used in place of a solution of sodium chromate 
in the precipitation of chromate fungicides. 
Chromates Nos. 2A and 2B are typical of those 
prepared in this manner. The ore residue is car 
ried along and acts merely as a diluent in the 
?nal product. 
chromate No. 20 was prepared from a batch 

of ore that was only partially roasted (about 
40% conversion to Cr"). 

‘Additional experimental data on these chro 
mates is given in Table 2 below: 

TABLE 2 

' Chromate I Identi- . Suspen- Solubihty, 
“egg” Formula aion, pH 1% Suspen 

' sion 

2A .... -. 1008030110.CI'O:.2SO:.NH2O 7.5 .004 
ore residue (10% by weight). 

2B .... __ 200a0.5Cu0.2Cr0a.4S0s.40Hz0 12.2 .009 
are residue (13% by weight). 

20 .... _. 11Cu0.3Cr0@.1lHz0 ore residue 7.3 009 
. (42% by weight) . 

1 In determining chromate solubility onegram of the chromate in 
eluding the ore residue was used per 100 cc. of water. 

TABLE 2 (Continued) 

Slide Germina- Per Cent Dis 
tion Tests, ease. Greenhoua' Phytotox 
LD50 Tests, Rapid icity Buck 

Identi?cation No. wheat, 

L E 1 ?'gsgbean' an ar y o acco 
8- f- A- 3- Blight Blight 

2A ________________ _ _ 9. 6 14. 6 14 . 3 
2B ________________ __ 5. 0 3. 4 10 0 
2C ................ _ . 3. 4 2. 2 l. 6 2. 6 . 5 

NOTE: The tests are described later in this speci?cation under the 
heading.r "Tests." 

It is contemplated that complex chromates 
which are formed at the point of application (in 
the mixing tank in the field preparatory to foli 
age spraying) may be used. These belong to 
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that class or foliage-treating materials known 
" as tank-mixes. Bordeaux mixture is usually as 
a tank-mix, the blue vitriol and lime being added 
to the water at the point of application. The two 
solid ingredients of the Bordeaux mixture are 
stored separately and added separately to the 
water, since reaction and caking will occur if the 
solids are mixed. Thus Bordeaux is a two-step 
tank-mix. Where the solids of the chromates 
contemplated herein are compatible, they may 
be mixed and stored in advance, and thus the 
tank-mix in the ?eld is prepared in a single step. 
This is a decided advantage, and a feature of a 
number of the chromates disclosed herein is that 
the solids may be compounded in the proper pro 
portion and stored, and then, merely by mixing 
with water at the point of application, an em 
cient chromate fungicide of the type contem 
plated may be prepared in a. simple step by the 
user. 
In Table 3 typical tank-mixes are described 

in three ways: (1) the proportions of solid in 
gredients, (2) the percent of active metal oxide 
in the solid mix as ZnO, CuO, and C103. and 
(3) the atomic ratio of the the principal multi 
valent metals. In the typical mixtures described 
it is possible that some c/emical reaction takes 
place, but if it interferes with the handling prop 
erties of the materials, when. stored for a period 
of at least a year, the reactants should sep 
arately be packaged. 
The dosage, or proportions of total solids to 

water in the ?nal mix, will, of course, depend 
upon desired concentration of the active chro 
mate. In the greenhouse fungicide tests on early 
blight and late blight control, 0.2% dosage was 
employed, and in the 'phytotoxicity tests on 
buckwheat, bushbean and tobacco, 1% dosage 
was used. 
The source of chromate may be sodium chro 

mate as in No. 3A, or chrome ore calcine as in 
the other tank-mixes tabulated. Calcium may 
be added as'lime or limestone and is also con 
tained in the chrome ore calcine. Since field 
tests show that calcium has a function in re 
pelling leaf hopper and flea beetle, it is included 
in the atomic ratio table. Components of 
chrome ore calcine other than calcium and 
chromium are not included in the atomic ratio 
table. 
Chromate No. 3Q is typical of a chromate tank 

mix which does not contain copper, illustrating 
the fungicidal properties of chromates per se. 
Those tank-mixes with a caking index of 3 

should be used soon after they are compounded 
or the reactants should separately be packaged; 
but the others may be compounded and then 
packaged for the one-step prepartion of a fun 
gicide. The chromate solubility oi’ No. 3P is too 
high, and the chromate phytotoxicity is corre 
spondingly high, illustrating that the solubility 
restriction developed for ?xed chromate fungi 
cides also applies in the case of tank-mix chro 
mates. ' 

Field tests of chromate No. 3A at concentra 
tions of 2.5 pounds and 5 pounds per 100 gallons 
of water and of chromate No. 3M at concentra 
tions of 8.5 pounds and 9.5 pounds per 100 gal 
lons of water applied to potatoes con?rmed their 
lack of chromate phytotoxicity. 
As in the case of Bordeaux mixture where the 

ratio of lime to blue vitriol may be varied with 
in wide limits; so in the case of chromate tank 
mixes the formulae given are not to be con 
strued as rigid. Variations in proportions may 
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20 
be made as long as the resultant mixture has 
a standard chromate solubility below .03. al 
though variations in proportions may change 
the caking index. ‘ 

Similarly the chrome ore ._ calcine need not 
have the exact composition of the material ac 
tually used. Its successful use intank-mixes il 
lustrates that an intermediate product in the 
commercial production of an alkali dichromate 
from chrome ore may be used as a cheap source 01' 
chromate in preparing tank-mixes. Any in 
termediate product resulting from roasting the 
ore so as to oxidize and solubilize the major 
portion of the chromium may be used. The 

' other metals present have been shown to be 
harmless and act merely as diluents. Other 
sources of hexavalent chromium such as calcium, 
potassium or magnesium chromates or dichro 
mates or sodium dichromate may also be used. 

TABLE 3 

Ph mm gar Ci?“ D’teai'; y x- reen ouse es , 
gffl‘ggii‘?te icity Buck- Rapid 

Identi?cation No. y’ w e , 
1 Per Cent Bushman 

1 suspension Tobacco Late Early 
Blight Blight 

. 023 . 7 

._0124 1. 3 

. 0127 1. 3 

. 0215 . 7 

. 0236 1. 0 

. 023 1. 5 

. 022 1. 3 

. 009 . 7 

. 026 . 7 

. 011 l. 7 

. 010 1. 0 

. 015 . 7 

. 0% l. 5 

. 053 2. 0 

. 029 1. 5 

Norm: In determining the chromate solubility one gram of total 
mix was used per 100 cc. of water. 

TABLE 3 (Continued) 

Lb. of Ingredients Per Lb. o! 
CIJSO|.5H1O (97%) 

A Ed D Bi 

encourage»: 

3Q _____ -- Zn, Fe ....... -- 0 

NOTE: Re Oaking Index: 

l=breaks up readily on shaking. 
2=can easily be broken down with a stick or spatula. 
3=caked into lumps; reactants preferably packaged separately. 

Nora: Re Lb. oi Ingredients: 
A = NmGrOr (97%). 
B=Chrome ore calcine (28.6% CrO»). 
C=Zn0. or other material as indicated: 

OH, . 
E =CaC0: (limestone). 
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TABLE 3 (Continued) 

Per Cent Active . Y 
. .. Metal Oxide in Atomic Ratlo of Metals 

1dr uti?- Mix 3 
cation No. 

ZnO C110 CrOt Ca Zn Cu Cr Al or Fe 

12. 6 5'. 3 10 3 1 
11. 2 4. 7 l2 ____ ._ 3 1 
8. 5 5.4 12 .... __ 2 1 
5. 0 6. 2 12 .... __ l 1 \ 
2.7 '6.8' 12 .... __ 0.5 1 
4.6 5.8 10 .... _- l l 1A1. 
4.8 6.0 10 .... _. l l lFe. 
8. 3 5.2 10 .... ._ 2 1 iFe. 

11. 5 14. 6 2. 3 1V 1 1 
16.8 10. 6 2.3 > 1 2 1 
l2. 4 7.9 6 1 2 1 
5. 1 6. 5 10 2 1 1 
6. 5 10. 6 4. 4 2. 3 0. 77 l 
4. 0 10.0 6. 1 1. 5 0.5 1 
7. 6 19. 3 2. 3 0. 5 0. 6 1 

.... -_ 0. 3 2. 3 2 _-..-. 1 2 Fe. 

Following the principles illustrated above, to 
facilitate operations the proper amounts of the 
required reactants may be packaged, either dry 
or in concentrated solutions, and either ready 
mixed (where suitable) or in separate containers 
containing the correct proportionate amounts of 
one or more of the reactants, so that a spray 
may quickly be made for use merely by emptying 
the entire contents of a package‘in a stated 
amount of water and stirringv for a stated length 
of time to give a tank mix. The reactant con 
taining the hexavalent chromium may be ob 
tained merely by roasting a chromium ore. 

TESTS 

The fungicidal properties of representative 
chromates were tested in one or more ‘of the 
following ways: , 

(1) Slide germination tests.—Essentially these 
tests consisted of germinating sporesin continual 
contact, on glass slides, with given concentra 
tions of the chemical under test. The germina 
tion was observed after 24 hours and the amounts 
of the chemical needed to inhibit germination 
of 50% and 95% (L. D. 50 value and L. D..95 
value, respectively) of the spores were ‘deter 
mined. The procedure is more fully set forth 
in a paper entitled “The slide-germination meth 
od of evaluating protectant fungicides,” pub 
lished in Phytopathology, July 1943, vol. XXXIII, 
No. 7, pp. 627-632.v Four different and typical 
fungi were used for this test. The fungi tested 
were Sclerotinia fructicola (Wint.) Rehms, which 
causes brown rot of stone-fruits such as cherries, 
peaches and the like; Alternaria solani (E11. and 
Mart.) Jones and Grout, which causes leaf spot 
(early blight) on tomatoes; Glomerella cingulata 
(St) Sp. and von S., which causes bitter rot of 
apples; and Macrosporium sarcinaeforme Cav., 
which causes a leaf spot on clover. These are all 
Eumycetes. The fungi are indicated on the tables 
herein by their initials S. f., A. s., G. c., andM. s., 
respectively. The numerals on the tables give 
the parts by weight of the chromates under test, 
in a million parts by weight of liquid, to prevent 
the germination of 50% and 95% of the spores. 
The liquid used which, of itself, .did notinhibit 
germination of the spores, was distilled water 
containing 0.1% of ultra-?ltered orange juice, 
which was added to the water to obtain a high 
and consistent germination of the fungous spores. 

15 

20 

25 

30 

40 

45 

22 . 
made. The compositions varied by either 2 
fold or the V2‘ fold,.so adjusted on the basis of 
preliminary tests that concentrations on both 
sides of the L. D. 50 and L. D. 95 values were 
covered. Thus for chromate No. 3 a series was 
prepared consisting of 10, 7.07, 5.00, 3.53, 2.50. 
1.76, 1.25. .88, .62, and .44 parts of the chromate 
in 1,000,000 parts of water (parts by weight). 

(2) Greenhouse test.-—(a) Percent disease tests. 
--Late blight is very serious on potatoes; early 
blight and Septoria leaf spot are serious on to 
matoes. All of these fungi develop however, on 
tomato which can easily and quickly be grown 
and which was therefore chosen as the test plant. 
The tests were made by preparing aqueous 0.2% 
(by weight) suspensions of the fungicidal chemi 
cal and spraying individual plants with one (but 
not more than one) suspension. Check or con 
trol plants were not sprayed with the fungicidal 
sprays. As soon as the spray dried (usually 
about 2 hours after spraying) each plant was 
inoculated with the spores of either one or 
another of the fungi so that, for instance in the 
case of chromate No. 3, at least threewplants were 
sprayed with aqueous 0.2% sprays of this chro~ 
mate, then permitted to dry and then a group 
of one or more sprayed plants and one or more 
control plants was inoculated with early blight, 
another group was inoculated with late blight 
and another group with Septoria leaf spot. All 
of the plants were then subjected to 100% hu 
midity for 12 hours to allow infection to take 
vplace and were then removed to a greenhouse 
where disease readings were taken about 3 days 
later in the case of late and early blight and 
about 10 days later in the case of Septoria leaf 
spot. The'"?gures under the designations “Per 
cent disease-late blight," “Percent disease— 
early blight,” and “Percent disease—Septoria 
leaf spot" represent the percent of diseased 
leaves on the sprayed plants, considering the 
number of diseased leaves on the unsprayed 
or control plants as 100%. The 0.2% spray con 
centration was chosen because it is representative 
‘of commercial uses, and permitted differentiation 

' between compounds (McCallan andWellman, 
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The compositions used in the foregoing tests 1 
were made in the following manner: A number 
(usually 10) of compositions of different con 
centrations of the chromate under test were 75 

Contributions from Boyce Thompson Institute, 
vol. 13, pp. 93-134, 1943)‘. ‘ 

(b) Weathering-Jute blight tests.—In these 
tests plants were sprayed with an aqueous 1% , 
spray of the chromate under, test. The spray 
was then allowed to dry. The sprayed plants 
and unsprayed control plants were then subjected 
to 3 complete cycles of alternate humidity, rain 
and sunshine over a space of 10 to 14 days, the 
plants being subjected (as one complete cycle) 
to greenhouse conditions for 60-84 hours, then 
to 100% humidity for 12-15 hours, then to 1/2 
inch of a water spray simulating rain. After a 
given number of cycles, the plants were inocu 
lated with the spores of Phytophthora infestans, 
the cause of late blight, then subjected to 100% 
humidity for 12 hours, and then removed to a 
greenhouse where disease readings'were taken 
about 3 days later. The ?gures under the desig 
nation “Weathering—_late blight” represent the 
percent of diseased leaves on the sprayed plants, 
considering the number of diseased leaves on 
the control plants as 100%. The 1% spray con 
centration was chosen because it is about the 
highest concentration of the average chromate 
in the average spray which, it is contemplated, 
will be applied to plants in the ?eld when the 
chromates are used commercially. 
A spray containing 1% of tribasic copper 
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sulfate, a commercially-used material, gave an 
average value of 15% disease under this weather 
ing test. 
In the majority of instances, as is indicated on 

Table A, fungicidal characteristics were deter 
mined by both the slide germination tests and 
the greenhouse tests although, in a few instances, 
one or the other of these tests or a part of a test 
was omitted. . 

(3) Phytotoxz'city tests.—(a) Buckwheat, bush 
bean, and tobacco tests.—Tobacco, buckwheat. 
and bushbean were chosen as test plants for de 
termining phytotoxicity in the greenhouse, since 
they represent economically important families 

' and since they are suitable for greenhouse use. 
(This composite test is called the B. B. T. test.) 
At least one plant from each species was 

sprayed on a revolving turntable with a 1% 
aqueous suspension of the chemical. This was 
done under standard conditions, and the method 
is described in greater detail in Contributions 
from Boyce Thompson Institute, vol. 13, page 
172. 
The plants were then held in the greenhouse 

for several days until phytotoxicity was at its 
maximum. The results as noted by a trained 
observer were recorded as- follows: 

0=no injury 
1=trace of injury 
2=moderate injury 
3=severe injury _ 

The data presented herein concerning B. B. T. 
tests are averages of the ratings determined for 
the three species. Chromates having a phyto 
toxicity rating of 2 or above are considered to 
be too phytotoxic to be pratical. 

(b) Tomato tests-Tomato plants were treat 
ed in the manner described in the “Weathering 
late blight tests" d the injury to the plant due 
to the phytotox c effects of the chromate was 
noted by an ob erver. 
The phytocidal injury of the plants was rated - 

according to the foregoing schedule. ' 
The ?gures in the tables under Buckwheat, 

bushbean, tobacco and under Tomato represent 
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the average injury rating of all of the plants ~ 
' sprayed with the indicated chromate when the 
above phytotoxicity tests were made. 
In a number of instances both types of phyto 

toxicity tests were made for the same chromate 
but more frequently either one or the other of‘ 
the tests was run. In addition, many of these 
chromates were tested in the ?eld. 
For a ?eld test on apple trees against the pri 

mary or spring infestation of apple scab, three 
spray compositions were made from each‘of the 
chromates shown on Table 4 at concentrations of 
3.1 and 0.33 lbs. of the respective chromates per 
100 gallons of water, corresponding to 0.36, 0.12, 
and 0.04% of the chromate by weight. As a con 

60 

60 

trol, a spray of ‘standard lime sulfur was used at . 
a concentration. of 16 lbs. per 100 gallons of 
water. The lime sulfur was a commercial prod 
uct containing lime, sulfur and water in the’ ap 
proximate proportions of 50 lbs. of quick lime, 
100 lbs. of flowers of sulfur and su?icient water 
to make 50 gallons. The commercial product is 
prepared by boiling these ingredients together 
for approximately one hour, maintaining the 
volume constant, until a reddish-brown color 
develops. The trees were sprayed about the 
middle of April. the ?rst of May and the middle 
of May. Readings were taken about the last of 
May. Spraying was so conducted that any given 
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branch ,was treated with only one spray composi 
tion. The sprays of the lower concentrations 
controlled the scab almost as well as the sprays 
of the higher concentrations; hence the results 
are given as the average percent of spur leaves 
free from the scab for all concentrations, as well 
as the average for the two lower concentrations 
which indicates that the higher concentration 
is about three times the necessary concentration. 
The chromates gave, at most, only slight injury 
‘and, in the majority of cases, no injury at the 
lower concentrations. The speci?c phytotoxicity 
of copper to apple was inappreciable in the cases 
of chromates Nos. 26 and 44 (Table 4) in which 
part of the copper has been substituted by zinc 
and aluminum respectively. 
The field tests on the apple trees show that 

the chromates tested were about equally as ef 
fective as the lime-sulfur control spray. Fur 
thermore, from three to nine times the effective 
dose was still essentially nonphytotoxic. Such 
range between effectiveness and injury does not 
exist with either lime-sulfur or Bordeaux mix 
ture on apples. ‘ 

TABLE 4 

Average Per Cent 
Clean Leaves 

Funglclde Two Lower Remarks 
All Concen- Concen 
trations trations 

Only 

None-no spray l3 

1.50mi?!’ z 1 or u h mo-s urconro... B t . 
Identi?cation M»..- 8 1mm . 

26 .............. . . 58 59 No injury. 

69 69.5 Possibly slight in 
ury. 

62 64.6 No in] . 64 64 mg" 
56 56 Do. 
60 66 Do. 
63 68 Do. 

a: $5 su 130i 1 m ll 1'1 0 7 
at the {1113i con 
centration. 

68 60.6 Possibly slight in 
ury. . 

58 60 No in . 
' 56 as nil?” 

- 57 53 Do. 
' 62 53 D0. 

Representative chromates described herein 
were tested as insecticides against representative 
insects. The term "insecticide" is used to denote ' 
a material for the protection of the plant against 
the mature as well as the immature forms of the 
insect whether the protection is.a?'orded by kill 
ing or by repelling. For tests against canker 
worm, Colorado potato beetle, and Japanese 
beetle, excised leaves of appropriate food plants 
were selected or cut to uniform size and sprayed 
on both surfaces with a 1% ‘aqueous solution of 
the chemical under test, bymeans of an atom 
izer. The plants used were: elm (for canker 
worm), tomato (for Colorado potato beetle), and 
Boston ivy (for Japanese beetle)._ After drying, 
a leaf was placed on a rack in a covered Petri 
dish, in which humidity was maintained by 
moistened filter paper covering the bottom of 
the dish. Five of the species of insect under test 
were then introduced and allowed to feed. When 
the untreated check leaves were completely eaten 
(usually after about 24 hours) a percent estima 
tion was made of the leaf area eaten of the 
treated leaves. , I 

For tests against the potato ?ea beetle, a 250 
cc. Erlenmeyer ?ask was lined on the bottom with 
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moist ?lter paper. Uniform size sections of to 
mato leaves were sprayed onlboth surfaces with 
a 1% concentration of the chemical under test 
and after the leaf sections were dry they were 
laid on the bottom of the ?ask and 10 ?ea beetles 
were introduced in the flask to feed upon the leaf. 
The mouth of the ?ask was covered with a double 
thickness of cheesecloth. held in place by a rubber 
band. When the untreated check leaf was en 
tirely destroyed (usually after 3' or 4 days), an 
estimate was made of the leaf damage on each 
of the treated leaves. 
The results of the tests are shown on Table A. 

the ratings being as follows: 

Per Cent Leaf Area Eaten 
Relative to Check 

Rating Cankerworm, 
Potato Japanese 

Beetle, Flea Beetle 
Beetle 

Per cent Per cent 
<5 <15 
(H5 1840 
16-40 41—70 ‘ 
41-70 71-95 
>71 >96 

These tests differ from ?eld conditions, in that 
with insects enclosed within a vessel the insect 
has a choice of either eating the treated leaf or 
starving, whereas in a ?eld test the insect, if it 
does not wish to feed upon the treated plant, 
usually can ?nd untreated plants upon which 
to feed. ' 

Insecticide tests show that insecticidal action 
is unpredictable from a knowledge of fungicidal 
action, but certain types of chromates show spe 
ci?c insecticidal action toward certain insects as 
shown in Table A and the ?eld tests described 
below. ' 

Insecticide ?eld tests indicate that chromates 
containing zinc, cerium and arsenic are effective 
in the control of Mexican bean beetle, Colorado 
potato beetle or leaf hopper on potatoes, toma 
toes, beans, cabbage or cucumber and that none 
of the chromates tested were phytotoxic to these 
representative plants. The best chromate types 
for general insecticide control are copper-cad 
mium chromates and copper-cobalt chromates. 
From the tests it will be seen that among the 

chromates contemplated herein certain types of 
chromates are quite effective against certain in 
sects: thus zinc chromates, cadmium chromates, 
arsenato chromates, and copper-zinc chromates. 
operate well against Colorado potato beetle; ar 
senato chromates, copper-zinc chromates, and 
copper-cobalt chromates operate very well 
against insects in general; and copper-cadmium 
chromates are superior in insect control to both 
copper chromates and cadmium chromates and 
thus exhibit synergism. 
In a series of ?eld tests, data were obtained 

on representative chromates respecting the con 
trol of Colorado potato beetle larvae, leaf hopper, 
and ?ea beetle. In the potato beetle tests, potato 
plants were sprayed with the spray composition 
(4 lbs. of the respective chromatesper 100 gallons 
of water), potato beetle larvae which had been 
collected from an untreated ?eld were broadcast 
over the treated ?eld and the number of larvae 
on the treated plants and on untreated check or 
control plants were counted 36 hours and 72 
hours later. The count at 72 hours did not differ 
from the count at 36 hours. The ‘untreated 
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plants showed 422 larvae. the plants treated with 
chromate No. 68 showed 7 larvae, the plants 
treated with chromate No. 70 showed 29 larvae, 
those treated with chromate No. 81 showed 40 
larvae, those treated with chromate No. 82 showed 
42 larvae, and those treated with chromate No. 
27 showed 98 larvae. 
In the leaf hopper tests, potato plants located 

in a ?eld subjected to ravages by the insects were 
sprayed with aqueous spray compositions con 
taining, respectively, the chromates Nos. 68, 70, 
81, 82, and 27 at a concentration of 4 pounds of 
each of the chromates per 100 gallons of water. 
The leaf hopper injury usually starts as a spot 
of dead leaf tissue at the apex of the lea?et and 
a count of lea?ets having injuries due to the 
insects showed a. mean number of injured lea?ets 
of 15.3, 16.0, 20.5, 21.2, and 22.7 for chromates 
Nos. 27, 82, 81, 68, and 7a, respectively, as against 
98.9 for untreated check or control plants. The 
plants were given only a single treatment during 
the early part of July and the injury count was 
made about two weeks later. In a ?eld test on 
string beans, counts made 72 hours after spray 
ing with chromate No. 27 (4 pounds per 100 gal 
lons) showed an average of 6 leaf hopper nymphs 
per 20 leaves as against an average of 35.4 
nymphs for untreated check plants. 
Numerous chromates containing copper were 

prepared and tested according to one or more of 
the tests previously described. Data with respect 
to the chromates are given on Table A. 

Considering the most simple combinations of 
copper and chromium, represented by chromates 
Nos. 1 through 11, inclusive, it will be seen that 
these afford very good control of both late and 
early blight and have low phytotoxicity and low 
chromate solubilities. ' 

Copper chromates may be in the low range of 
chromate solubility or, if an alkali or amino group 
is present, in the high solubility range. 
In a?eld test on potatoes, chromate No. 4 con 

trolled late blight as well as Bordeaux mixture 
made with 8 pounds of blue vitriol and 8 pounds 
of hydrated lime in 106 gallons of water. (This 
will hereinafter be referred to as Bordeaux mix 
ture 8-8-10‘0 in accordance with standard prac 
tice.) The chromate spray contained 3 pounds 
of the chromate per 106 gallons of water. 
plants in the respective plots were given the same 
number of sprayings at the same time. No evi 
dence of phytotoxic injury was observed on the 
plants treated with the chromate spray. 
In another potato ?eld test, chromate No. 5 

was used after washing but without drying. Nec 
essary amounts of water were added to yield 
slurries of 1 pound and 3 pounds of the chromate 
per 100 gallons and controlled late blight com 
parable to Bordeaux 6 (843-100) . 
Laboratory fungicide tests show that copper 

chromates are more e?fective than would be pre 
dicted from the toxicity of other copper com 
pounds and chromates containing no other toxic 
metal. The copper chromates are synergistic, 
having a toxic effect greater than additive. 
The toxicity of copper chromates is due to both 

the CI‘Os content and the CuO content. The 
L. D. 50 of Bordeaux mixture based on copper 
sulfate hydrate and averaged over all four fungi 
tested in the laboratory is 14.1 (geometric aver 
ages are used throughout). Even the more toxic 
blue vitriol alone has an L. D. 50 value of 7.1. 
Based on CuO content these values become 4.48 
and 2.26, respectively, or 3.16 when ‘averaged 
geometrically. This value is L. D. 50cm; and the 

The ' 
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value l/L. D. 500110 is a measure of the inherent 
toxicity of CuO combined in any compound. 
In order to obtain a corresponding value for 

the inherent toxicity of CrOa combined in any 
compound (with chromate solubility above .0001) 
the following table is compiled listing 15 typical 
chromates containing no other metals which are 
toxic to fungi. Only the first ?ve are suitable 
for foliage use because of phytotoxicity restric 
tions. but the remainder are suitable for calcu 
lating the inherent toxicity of CrOz to fungi. 
The second column in the following Table 5 is 
the geometric average of the L. D. 50 for the four 
fungi tested. The third column is the weight 
fraction of CrO: obtained by analysis. The last 
column lists the product of the values in the 
second and third column or the L. D. 50 based on 
CrOa. 

TABLE I 

Inherent Wu oICrO: 0013M 

Weight 
Fraction 
0:0; 

Identi?cation No. 60-00.: 

assesses-assesses 
The geometric average of L. D. 50010,, is .32 

with 8 values below and 7 above, and no partic 
ular correlation with the type or amount of other 
metals present or with chromate solubility (see 
Table A). Thus L. D. 5001-03 based on these 15 
products may be considered representative; and 

’ l/L. D. 500x08, the inherent toxicity of CrOa t0 
fungi, is 3.13. 
Where two or more toxic agents are applied 

simultaneously, the sum (S) of the weight frac 
tions of toxic components is multiplied by the 
‘average L. D. 50 based on total weight to give 
L. D. 50w, based on total weight of toxic ingredi 
ents only. The individual weight fraction of 
any toxic component divided by S gives the 
weight factor (W) for that toxic component. 
The formula for similar joint action where two 

or more toxic agents are applied simultaneously 
is: \ 

l W, L W, + _ _ . W. 
L. D. 50,- L. D. 50.. ‘ L. D. 50,, L. D. 50,. 

Applying this formula to chromates of copper 
containing no other metal toxic to fungi, the 
geometric average L. D. 50 for the four fungi 
tested (Table A) was found for the chromates 
2, 3, 4, 15, 16, 19, 20, 21, 22, 48, 49, 50, 51, 52, 53, 
54, 55, 70, 72, 73, and '74. Each of these values 
was multiplied by 8 obtained from analysis to 
give the corresponding experimental L. D. 50T. 
The calculated L. D. 501- (frcm the above for 
mula) was then compared with the experimental 
L. D. 501- to test for synergism. The geometric 
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averages of the experimental and calculated L. D. 
501- for the 21 copper chromates are: 

1 
Average, ————~ - 

. L. D. 501 
L‘ D‘ 5°’ joint toxicity 

Calculated ............................ -. .64 1.56 
Experimental ......................... .. .29 3. 45 

Thus ‘the toxicity is greater than additive and 
synergism is manifested. 
The formula for similar Joint action of toxi 

cants is developed by Bliss, Annals of Appl. Biol, 
vol. 26, pages 585-615 (1939). 
The effective dosage of copper chromates 

(based on the copper content) is low compared 
to standard copper fungicides. The fungicidal 
action of hexavalent chromium is greater than 
that of copper as measured by L. D. 95 values 
in greenhouse dosage response tests. 

Potato, ?eld tests show that copper chromates 
control late blight at reasonable dosages. 
The basic copper chromates may be used in 

physical mixture with other materials, for in 
stance zinc chromates. In a ?eld test on pc 
tatoes, basic copper chromate No. 3 was used in 
slurries containing, per 100 gallons of water, I/z 
pound of the copper chromate with 11/2 pounds of 
zinc chromate No. 82. Copper-zinc chromate 
No. 29 having a copper-zinc ratio of 1 and cop 
per-zinc chromate No. 27 having a copper-zinc 
ratio of 0.25 were tested in the field on potatoes 
as slurries containing 2 pounds of the chromate 
per 100 gallons of- water. Both the mixtures of 
copper and zinc chromates and the copper-zinc 
chromates afforded good control of tip burn. 
The control was somewhat better in the case of 
the complex copper-zinc chromate but the con 
trol with the mixture of chromates shows that 
the control of tip burn by the zinc chromate is 
not adversely affected by the presence of the 
copper chromate which is used to control late 
blight. - 

The chromates may be prepared to include 
potassium, the effect of the alkali metal being to 
increase the chromate solubility. The alkali 
metals may thus be used to bring a chromate of 
too low a solubility into the proper solubility 
range but when the chromate solubility is in 
creased to 0.03 the chromate is on the verge of 
being ‘dangerously phytotoxic. Considering so 
dium and potassium as the alkali metals. potas 
sium differs slightly from sodium in that the 
precipitated chromates tend to retain potassium 
better than sodium and when made with potas 
sium usually retain more hexavalent chromium. 
The chromate solubility of potassium products is 
usually slightly higher than that of sodium 
products. 
Data illustrating this feature are given in 

Table A with respect to chromates Nos. 19, 20 
and 21. ' 

The chromates may be prepared to include the 
alkaline earth metals. calcium, strontium, and 
barium. In considering the alkaline earths as a 
group, a distinction should be recognized between, 
for instance, calcium precipitated as a part of 
a complex metal chromate, and calcium chro 
mate per se. Calcium chromate as well as 
strontium chromate per se are to phytotoxic to 
be used safely but an alkaline earth may be used 
as a component of a complex multivalent metal 
chromate. ‘The phytctoxic effect of the alkaline 
earth chromate is not avoided by using it in 
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physical mixture with a heavy metal chromate. 
Barium chromate per se has too low a solubility 
to be of value as a fungicide. 
Data on tests of chromates containing copper 

and an alkaline earth metal and, for comparison, 
alkaline earth chromates per se, are given in 
Table A with respect to chromates Nos. 12, 13, 14, 
16, 49, and 157. 
Barium chromate was not tested further than 

indicated on Table A for chromate No. 157 as its 
chromate solubility is so low that it is impracti 
cal. However, barium combined with copper so 
as to give a ‘complex barium-copper chromate 
(No. 49) gave relatively good control of both 
late and early blight and the chromate gave a 
good weathering test. 
Chromates containing calcium as a part‘oi' a 

complex chromate control tip burn. When 
tested in the ?eld on potatoes ‘against tip burn, 
calcium copper chromate No. 16 gave better 
control of tip burn than any other product tested 
including Bordeaux mixture (8-8-100). Calcium 
must be a part of the complex chromate for best 
control, as mixtures of basic copper'chromate 
plus lime or limestone did not give satisfactory 
control. The slurry that was tested contained 4 
pounds of the calcium-copper chromate per 100 
gallons of water. ‘ a ‘ 

The chromates may contain a plurality of the 
multivalent metals, if desired. One of the met-' 
als may be considered as an addition to or as 
a substitute for a portion of, another metal. 
Thus, considering copper as the principal multi 
valent metal, the chromate may also contain one 
or both metals of the group zinc and cadmium. 
Data from tests on chromates containing cop 

per along with cadmium and/or zinc are given 
in Table A with‘ respect to chromates Nos. 24 
through 30, inclusive, and 34 through 40, inclu 
sive. > 

Representative chromate No. 26 controlled 
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apple scab very well with no phytotoxic effect on 
the foliage when used in sprays containing from 
0.33 to 3 lbs. of the chromate per 100 gallons of 
water (see Table 4). ' 

Zinc raises the insecticidal properties of the 
chromate. Representative chromate No. 2'? gave 
good control of Colorado potato beetle larvae in 
?eld tests, potato plants treated with a spray 
containing this chromate (4 lbs. chromate per 
100 gallons of water)‘ showing 98 larvae as against 
untreated plants which showed 422 larvae. In 
other ?eld tests this chromate also gave good 
control of potato leaf hopper, potato plants 
treated with the same spray showing a mean of ‘ 
15.3 leaflets injured by the hopper as against a 
mean of 98.9 injured leaflets for untreated plants. 

Copper-zinc chromate No. 29 having a copper 
to zinc ratio of 1, tested in ‘a slurry at 2 lbs. per 
100 gallons of water, gave good control of tip or‘ 
hopper burn in ?eld tests on potatoes as did 
copper zinc chromate No. 27 having a copper to 
zinc ratio of 025. Better control was obtained 
when the twmmetals were precipitated together 
in a complex chromate than where mixtures of , ' 
chromates of the respective metals were used. 
In the ?eld test on potatoes with chromate No. 
27, late .blight was a factor. Untreated‘check 
plants yielded at the rate of 297 bushels peracre, 
those treated with Bordeaux mixture (8-6-100) 
yielded at 345 bushels, and those treated with 
chromate No. 27 (5 lbs. per 100 gallons of water) 
yielded at 370 bushels per acre. 
The weathering tests on copper-zinc chromates 

show that these chromates ar substantially as et 

60 

15 

3 
i‘ective as copper chromates. This is true even 
though other toxic elements are also present. 
Thus, where it is desirable to have zinc present 
for some reason other than late blight control, 
for instance for tip burn control, the presence of 
the zinc does not adversely affect the control of 
late blight by the copper and chromium in a 
complex chromate. ' 

Copper-cadmium chromates have high tox 
icity, higher even than cadmium chromates. 
The inclusion of cadmium in the chromate 

raises the fungicidal characteristic of the chro 
mate toward late blight and also increases the 
control of tip burn. Since a lower dosage is re 
quired to give fungicidal control, any slight phy 
totoxic effect will be reduced and if reduced be 
low the amount required for threshold phyto 
toxicity, any phytotoxic effect will entirely be 
eliminated. The cadmium thus, in effect, low 
ers the phytotoxicity of the chromate. 
With cadmium present there is synergism with 

respect to the control of late blight since the av 
erage late blight control for the chromates con 
taining both copper and cadmium is better than 
for copper only or for cadmium only, accord 
ing to greenhouse tests. Also copper-cadmium 
chromates show very slight reduction in toxicity 
due to weathering and they have a good weath-_ 
ering rating. 
Potato ?eld tests show that copper-cadmium 

chromates control both late blight and tip burn. 
In a ?eld test on potatoes, copper-cadmium chro 
mate N0. 34 controlled both late blight and tip 
burn as well as Bordeaux mixture (ll-84100). 
The chromate spray contained 2 lbs. of the chro 
mate per 100 gallons of water. The plants in the 
respective plots were given the same number of 
sprayings at the same times. No evidence of phy 
totoxic injury was observed on the plants treated 
with the chromate spray. Slurries containing as 
little as 0.25 lb. of chromate No.‘ 34 per 100 gal 
lons (about 1.3 oz. based on cadmium chromate 
content) \gave some control of. tip burn as did 
a mixture of copper chromates No. 3 and No. 34 
(about 0.67 oz. based on cadmium chromate con 
tent). 
Copper-cadmium chromate No. 38, at 1 lb. per 

100 gallons containing an equivalent of only 1.75 
oz. of basic cadmium chromate per 100 gallons of 
spray was quite effective in controlling tip burn ‘ 
in ?eld tests. 7 

With cadmium‘ present there is also synergism 
with respect to the control of insects as is indi 
cated by comparing the insecticide ratings of the 
cadmium-copper chromates in Table A with 
those of the copper chromates and the cadmium 
chromates. ‘ ‘ ' 

Considering copper as the principal heavy/ 
metal, the chromate may also contain one or 
more metals of the group iron, cobalt and nickel. 
'Data from tests on chromates containing copper, 
iron, cobalt and nickel are given in Table A with 
respect to chromates Nos. 58 to 67, inclusive, and 
72 to 76, inclusive. \ 

' The advantage of iron is that it can econom 
ically be used to replace part of the copper thus 
permitting a higher. chromate-to-copper ratio 
than is possible with a simplebasic copper chro 
mate, as shown by chromates Nos. 72 and 73. 
With nickel present there is consistently low 

phytotoxicity and consistently good results in 
weathering tests. _ 

Cobalt improves the insecticidal action of the 
chromate with respect to all-four insects studied 
in the laboratory as seen in Table A with respect 
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to chromates Nos. 58 and 60. Chromates Nos. 61 
and 59 contain progressively lower proportions 
of cobalt, so the insecticidal action is correspond- I 
ingly less. ---_ 

Considering copper as the principal multiva 
lent metal, the chromate may contain one or 
more metals selected from the earth metals, alu 
minum and the rare earths, represented by alu 
niinum and cerium. 
Data from tests on chromates containing alu 

minum and cerium are given in Table A with 
, respect to chromates Nos. 44, 45, 46, 47, 68, and 69. 

Representative chromate No. 44 controlled ap-, 
ple scab very well in ?eld tests with only possi 
bly slight phytotoxic effect on the foliage, when 
used in sprays containing from 0.33 to 3 lbs. of 
the chromate per 100 gallons of water ‘(see Table 
4). ' . ' ' 

Representative chromate No. 68 gave excel 
lent control of Colorado potato beetle larvae in 
?eld tests, potato plants treated with aspray 
containing this chromate_(4 lbs. of the chromate 
per 100 gallons of water) showing 7 larvae as 
against untreated plants which showed 422 
larvae. In other ?eld tests this chromate also 
gave good control of potato leaf hopper, potato 
plants treated with the same spray showing a 
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mean of 21.2 lea?ets injured by the hopper as ' 
against a mean of 98.9 injured lea?ets for un 
treated plants. 
The chromates containing aluminum also at 

forded good control of cankerworm. 
Considering copper as the principal multiva 

lent metal, the chromate may contain chromium 
as another multivalent metal. The chromium 1 
which is the multivalent metal is trivalent as dis 
tinguished from hexavalent chromium in the 
chromate radical. 
Data from tests on a chromate containing 

chromium and copper as multivalent metals are 
given in Table A with respect to chromate No. 
43. This chromate shows good control of late 
blight. 
Considering copper as the principal multiva 

lent metal, the chromate may contain silver and 
mercury as other metals. 
Data from tests on complex chromates con. 

taining silver and mercury are given in Table 
A with respect to chromates Nos. 56 and 57. Both 
chromates-gave very good control of late blight, , 
particularly under the weathering test. The 
chromatelcontaining mercury also gave very good 
general insect control and, although this chro 
mate is rather costly due to the mercury con 
tent, it is suitable for use on ornamental plants ‘ 
where cost is of less' consideration than fungus 
and insect control. 

Considering copper as the principal multival 
ent metal, the chromate may contain arsenic as 
another metal. The two metals a?’ord a rela 
tively low cost insecticide-fungicide control, giv 
ing very good control of cankerworm, potato leaf 
hopper, Colorado potato beetle, late and early 
blight, with low phytotoxicity. Fair'- control 0 
Japanese beetle was also found. ‘ 
Data from' tests on a chromate containing ar 

senic are given in Table A with respect to chro 
mates Nos. 70 and 71. The arsenic used is penta- ' 
valent and appears inthe anion of the chro 
‘mate; it is always used with anothermultival 
ent metal. ' 

Arsenic raises the insecticidal properties of the 
chromate. Representative chromate No. 70 gave 
excellent control of Colorado potato beetle larvae 
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containing this chromate (4 pounds of the chro 
mate per 100 gallons 0! water) showing 29 larvae 
as against untreated plants which showed 422 
larvae. In other ?eld tests'this chromate also 
gave good control of potato leaf hopper, potato 
plants treated with the same spray showing a 
mean of 22.7 lea?ets injured by the hopper as 
against a mean of 98.9 injured lea?ets for un 
treated plants. 

Considering copper as the principal multival 
ent metal, the chromate may contain the metals 
lead and uranium. The complex copper chro 
mates containing either of these metals exhib 
ited low phytotoxiciiw and thecopper-lead chro 
mate gave fairly good control of cankerworm. 
Data from tests on complex copper chromates 

containing lead and uranium are given in Table 
A with respect to chromates Nos. 41, 42, and 48. 

If desired, nonmetallic groups may be used 
with, or vas a substitute for a portion of, the 
multivalent metal. Thus the chromates may 
contain nitrogenous groups and organic groups, 
for instance ammonia or basic organic radicals. 

' Data from tests of such chromates are given 
in Table A with respect to chromates Nos. 23, 
77, 80, 140, 144, 145, 146, and 149. 
The ammonium-copper chromate No. 23 gave 

good control 01.’ both late and early blight and 
had a low phytotoxicity combined with good 
weathering characteristics. . 
While the foliage of the majority of plants‘is 

resistant to the particular phytotoxic e?ect of 
copper, the foliage of certain speci?c plants, for 
instance apple and cherry are undesirably af 
i’ected by treating materials containing copper. 
For spraying apple and cherry trees in foliage, 
non-copper or predominantly non-copper chro 
mates are preferred, for instance zinc chromates, 
For controlling tip burn, zinc chromates may be 
used at. reasonable doses either alone or in ad 
mixture with copper chromates or the zinc may 
be substituted for a portion of the copper, to give 
a copper-zinc chromate. 
The most simple basic chromates containing 

zinc are represented, on Table A, by the chro 
mates Nos. 81 to 86, inclusive. _ 
The simple vbasic zinc chromates, as a class, 

have quite low phytotoxic characteristics, give 
fairly good blight tests, and relatively good con 
trol of cankerworm, Colorado potato beetle lar 
vae, potato leaf hopper, and Mexican bean bettle. 
Moreover, basic zinc chromates are not speci? 
cally toxic to apple, peach, and cherry and may 
thus freely be used on these plants where cop 
per chromates cannot so be used. 

Representative chromate No. 82 ‘ controlled 
apple scab very well with no phytotoxic eilect on 
the foliage when used in sprays containing from 
0.33 to 3 lbs. of the chromate per 100 gallons of 
water (see Table 4). - 
A ?eld test on cherry trees, like the apple tree 

?eld test, showed that the non-copper chromates 
- are excellent‘ fungicides without being phytotoxic 
to these copperssensitive plants. For the test 
young cherry trees were treated to control cherry 
leaf spot. The test consisted of six treatments 
with seven replicates. A slurry was madefrom 
1v lb. of chromate No. 82 per 100 gallons of water 
and another slurry from 2 lbs. of blue vitriol and 
6 lbs. of hydrated lime in 100 gallons of water 
to make Bordeaux mixture 2-6-100. This dos 
age of Bordeaux was chosen because it is a 
standard spray for cherry leaf spot selected to 
obtain a compromise between disease control and 

in ?eld tests, potato plants treated with a spray 75 phytotoxiciw. The trees were sprayed 3 times 



8,078,788 
33 

during the season; near the ?rst of June, the 
last of June. and the middle of July. The disease 
had obtained a start before the ?rst spraying. 
The percent of leaves remaining on the tree to 
ward the end of August are shown in the follow 
ing table. 

TABLE 6 

Per Cent Identi? - Leaves Phytotox 
081%)“ Type °f Fungicide Remain- icity 

. mg 

Check (no spray) _____________ ._ 46. 9 .......... . . 

Bordeaux (2-6-100). . . 60. 4 Injury. 
Zinc chromate ..... __ _. 75. 5 No inlury. 

_ Zinc-cerium chromate. .. 88. 1 Do. 
Aluminum chromate __________ __ 62. 2 Do. 

Representative chromates Nos. 81 and 82 gave 
very good control of Colorado potato beetle larvae 
in ?eld tests, plants treated with sprays contain 
ing these chromates (4 lbs. of the chromate per 
100 gallons of water) showing 40 and 42 larvae, 
respectively, as against untreated plants which 
showed 422 larvae. In other ?eld tests these 
chromates also gave good control of potato leaf 
hopper, potato plants treated with the same spray 
showing means of 20.5 and ,16.0 respectively, 
lea?ets injured by the hopper as against a mean 
of 98.9 injured lea?ets for untreated plants. In 
still other ?eld tests the same sprays of these 
chromates afforded a control (estimated by 
trained observers) of Mexican bean beetle on 
bushbean plants equivalent to treatment by a 
standard dust composed of rotenone 0.75% (by 
weight), cube resins 1.80%, dusting sulfur 
30.00%, and pyrophyllite 68.45%, the estimated 
degree of beetle damage being only a trace in each 
instance as against heavy damage to untreated 
plants. 

Other potato ?eld tests show that zinc chro 
mates control tip burn at reasonable dosages. 
In one ?eld test, a slurry containing 2 lbs. of 
zinc-tetroxy chromate No. 81 gave control of 
tip burn comparable with Bordeaux mixture 
(8-8-100). In another ?eld test, slurries con 
taining, per 100 gallons of water, 1 and 3 lbs. 
respectively of chromate No. 82 used alone, and 
11/2 lbs. of chromate No. 82 used in conjunction 
with 1/2 lb. of chromate No. 3, gave good control 
of tip burn. The tip burn control was better 
the higher the dosage of zinc chromate. Copper 
zinc chromate No. 29 having a copper-to-zinc 
ratio of 1, tested in a slurry at 2 lbs. of the chro 
mate per 100 gallons of water, gave good control 
of tip bum in ?eld tests on potatoes as did cop 
per-zinc chromate No. 27, having a copper-to 
zinc ratio of 0.25. The control of tip burn with 
the mixture of zinc chromate and copper chro 
mate shows that the control of tip burn by the 
zinc chromate is not adversely affected by the 
presence of the copper chromate which is used 
to control late blight. However, better control 
was obtained where the two metals were pre 
cipitated together in a complex chromate than 
where mixtures of chromates were used. 
In a ?eld test on potatoes under conditions 

where late blight was not a [major factor, Bor 
deaux (8-4-100) injured the plants, actually 
reducing the yield below that of the untreated 
check plants, but chromate No. 30 applied at the 
rate of 3 pounds per 100 gallons of water had no 
phytotoxic effect. The plants treated with the 
chromate yielded 99 pounds of potatoes per row 
as against 94 pounds for untreated plants and 
81 pounds for the Bordeaux mixture. As late 
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blight was not a major factor, the tests indicated 
the phytotoxic effect of the materials. 
Laboratory fungicide tests show that zinc 

' chromates are more elfective than would be pre 
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dicted from the toxicity of other zinc compounds 
and chromates containing no other toxic metal. 
The zinc chromates are synergistic, having a toxic 
effect greater than additive. 
A calculation similar to that made for copper 

chromates and previously explained, was made 
for zinc chromates containing no other metal 
toxic to fungi. The inherent toxicity of zinc (ex 
pressed as ZnO) was found, from testing soluble 
zinc salts, to be .055, or L. D. 50Zn0=18.23. Using 
the same procedure as previously explained with 
respect to copper chromates, the experimental 
and calculated L. D. 50w for each of the zinc 
chromates Nos. 81, 82, 100, 101, and 102 was ob 
tained and averaged geometrically. The results 
are as follows: 

1 
Average, ~ 

L. D. 501 
D‘ 5°’ joint toxicity 

Calculated ____________________________ __ l. 23 . 81 
Experimental _________________________ _- . 46 2. 17 

For zinc chromates as well as copper chro 
mates the toxicity is greater than additive, and 
synergism is manifested. 

Iron, cobalt and nickel may be used in com 
plex chromates with zinc as well as with copper 
and other multivalent metals. Data with respect 
to several such chromates is given in Table A 
for chromates Nos. 92, 93, 100, and 101. These 
chromates have low phytotoxicity and those con 
taining iron and nickel ail‘orded good control 
of Colorado potato beetle. An advantage of iron 
is its low cost. 

Representative chromate No. 100 controlled 
apple scab very well with no phytotoxic effect on 
the foliage when used in sprays containing from 
0.33 to 3 pounds of the chromate per 100 gallons 
of water (see Table 4). 
Cerium may be used with zinc as well as with 

copper and other multivalent metals. Data from 
tests on chromates containing zinc and cerium 
are given in Table A with respect to chromates 
Nos. 88 and 89. The chromates have low phyto 
toxicity characteristics. ‘ , 

Representative chromate No. 89 controlled 
apple scab very well with no phytotoxic effect 
on the foliage when used in sprays containing 
from 0.33 to 3 pounds of the chromate per 100 
gallons of water (see Table 4). 

Zinc-cerium chromates contemplated herein 
effectively control cherry leaf spot.’ A slurry 
made from 1 pound of chromate No. 89 in 100 
gallons of water, tested on cherry trees as stated 
in connection with Table 6, did not injure the 
foliage and the treated trees showed 88.1% of 
leaves remaining. ' 

Arsenic may be used with zinc as well as with 
the other multivalent metals. Data from tests 
on chromates containing zinc and arsenic are 
given in Table A with respect to chromates Nos. 
90 and 91. 

Representative chromate No. 91 controlled ap 
ple scab very well with no phytotoxic effect on 
the foliage when used in sprays containing from 
0.33 to 3 lbs. of the chromate per 100 gallons of 
water (see Table 4). 
Complex chromates containing lead and'an 

other multivalent metal have been prepared and 
tested. Data for a chromate containing lead 
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and zin~ are given on Table A with respect to 
chromate No. 94. The chromate had low phy 
.tctor'icity. gave moderate control of both late 
and early blight. andafiorded about the same 
control on weathering. This chromate was pre 
pared and tested to show that the failure of lead’v 

i 

5 

chromate (compared chromate No. 156) is not " 
due to the presence oi’ the lead but rather to the 
low chromate solubility of lead chromate. 0n 
the other hand a complex chromate containing 
lead and a multivalent metal such that the~ 
chromate solubility is within the range given, is 
effective. 
Basic complex chromates containing barium 

and another multivalent metal have been pre 
pared and tested. Data for a chromate contain 
ing barium and zinc are given on Table A with 
respect to chromate No. 95. Barium is quite sim 
ilar to lead with respect to low, phytotoxicity 
and weathering. Upon comparing barium-zinc 
chromate No. 95 with barium chromate No. 157 
it will be seen that the'failure of barium chrom 
ate is, like lead chromate, not due to the presence 
of the barium but rather to the low chromate 
solubility. 
Representative chromate No. 96 controlled ap 

ple scab very well with no phytotoxic effect on 
the foliage when used in sprays containing from 
0.33 to 3 pounds of the chromate per 100 gallons 
of water (see Table 4). This type of complex 
chromate, containing a relatively expensive metal 
such as silver, is adapted for use by the house 
holder on ornamental plants because oi’ its toxi 
city and good weathering.‘ 
Complex chromates containing mercury gave 

low phytotoxicity combined with good weathering 
and good general control of insects. Data- from 
tests on a chromate containing zinc and mercury 
are given in Table A with respect to chromate 
No. 97. This type of chromate is particularly 
adapted for use by the householder on omamen 
tal plants because of its good weathering and 
its characteristic 01' inhibiting both fungi and 
insects. 
Trivalent chromium may be used as a multi 

valent metal with zinc as well as other metals. 
Data from tests on chromates containing zinc 
and trivalent chromium are given in Table A 
with respect to chromates Nos. 102 and 103. 
These chromates had generally low phytotoxi 
city and gave relatively good control of early 
blight. 
Representative chromate No. 102 controlled 

apple scab very well with no phytotoxic effect on 
the foliage when used in sprays containing from 
0.33 to 3 pounds of the chromate per 100 gallons 
of water (see Table 4). 
Cadmium has relatively high toxicity and re 

latively low phytotoxicity when used in chro 
mates. Data from tests on chromates contain 
ing cadmium alone or with an alkali metal are 
given in Table A with respect to chromates Nos. 
107 and 108. From these data, it will be seen 
that chromates containing cadmium as the only 
multivalent metal are quite effective in con 
trolling late blight and have low phytotoxicity. 
Because of the high cost of cadmium, chro 

mates containing this metal are considered pri 
marily as complex chromates where the cadmium 
is used in conjunction with a cheaper metal or 
where the cadmium is used in a small propor 
tion to other toxic metal in the chromates to 
broaden the toxicity range. 
Thus cadmium may be used in the chromate 

in conjunction with other metals, for instance 
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iron and cerium. Data from tests on chromates 
ontaining these metals in conjunction with cad 
mium are given in Table A with respect to chro 
mates Nos.‘ 109 and 110. 

Representative chromate No. 109 controlled 
Y apple scab. very we'll with only slight phytotoxic 
eii'ect when the spray contained the highest 

' amount of the chromate and with no phytotoxic 
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effect at the two lower dosages (see Table 4) . 
\A plurality of metals, for instance cadmium 
and zinc, may be used together as the multivalent 
metals of the chromate. Data from tests on such 
a combination of metals are given in Table A 
with respect to chromate No. 8']. This chromate 
gave relatively good control or both late and 
early blight, cankerworm and Colorado potato 
beetle, and had low phytotoxicity. 
Any number of multivalent metals may be 

used in the chromate as is indicated by chromate 
No. 110 containing the metals cadmium, iron and 
cerium, and chromate No. 103 containing zinc, 
manganese and trivalent chromium; but the 
chromate solubility must not be too high or the 
chromate will be too generally phytotoxic as is 
indicated by chromates Nos. 98, 99, and 106. Data 
from tests with respect to these chromates ar 
given in Table. A. * 
Other chromates containing cadmium and re 

ferred to in Table A are Nos. 34 to 40, inclusive. 
Aluminum and beryllium are representative of 

the lighter weight multivalent metals which may 
be used in the chromates: either may be used 
as the sole multivalent-metal or in conjunction 
with other metals. In general, the simple basic 
aluminum chromates are characterized by rela 
tively low phytotoxicity where the chromate solu 
bility is not too high. Such phytotnxicity as 
may be attributable to the aluminum per se may 
be'ov'ercome, it objectionable, by the use of com 
bined calcium. Data from tests on chromates 
containing aluminum as the sole multivalent 
metal are given in Table A with respect to chro 
mates Nos. 112 to 115, inclusive. From a com 
parison of the foregoing chromates with chro 
mate No. 116, the saiening action of calcium in 
the chromate will be seen. Data with respect 
to a typical beryllium chromate are given in 
Table A with respect to chromate No. 160. 
Data in Table A from tests on chromates Nos. 

117 and 123 indicate, respectively, the phytotox 
icity of a chromate having too high a chromate 
solubility and the ineffectiveness of a chromate 
having too low a chromate solubility. 

Representative chromate No. 115 controlled 
apple scab very well with only possibly slight 
phytotoxic e?ect on the foliage and representa 
tive chromate No. 116 controlled the scab with 
no phytotoxic e?ect when used in sprays con 
taining from 0.33 to 3 lbs. of the respective chro 
mate per 100 gallons of water, again con?rming 
the safening e?ect oi! calcium on the metal in 
a complex chromate (see Table 4) . 
Aluminum chromates contemplated herein 

eii’ective control cherry leaf spot. A slurry 
made from 1 lb. of chromate No. 116 in 100 
gallons of water, tested on cherry trees as stated 
in connection with Table 6, did not injure the 
foliage and the treated trees showed 62.2% of 
leaves remaining. 
Data with respect to aluminum chromates 

containing. various other metals are given in 
Table A with respect to chromates Nos. 118 to 
122, inclusive. all 01' which are characterized 
by low phytotoxicity, as well as chromates Nos. 
44 to 47, inclusive. 
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The rare earth metals, cerium being repre 
sentative, may be used as the sole multivalent 
metal of the chromate or they may be used in 
conjunction with other metals. Data from tests 
on chromates containing cerium are given in 
Table A with respect to chromates Nos. 124, 
125, and 126, as well as chromates Nos. 68, 69, 
88, 89, 110, and 118, showing the generally low 
phytotoxicity of the cerium chromates. 

_ Representative chromate No. 126 controlled 
apple scab very well with no phytotoxic effect 
on the foliage when used in sprays containing 
from 0.33 to 3 lbs. of the chromate per 100 gal 
lons of water (see Table 4). 

Iron may be used as the sole multivalent 
metal of the chromate or itmay be used in con 
junction with other metals. Data from tests 
on chromates'oontaining iron and various other 
metals‘ and non-metal groups are given in Table 
A with respect to chromaté‘sNos. 72 to 76, in 
clusive, 100,101, 109, 110,127, 128, 129, 131, 136, 
138, 144, and 158. . 
A comparison of the phytotoxicity. rating of 

chromates Nos. 127 and 128 shows again the 
safening action of calcium in the chromate. , 

Trivalent chromium may be used as the sole 
multivalent metal of the chromate or it may 
be used in conjunction with other metals or 
with non-metal groups. Data from tests on 
chromates containing trivalent chromium and 
various other metals and non-metal groups are 
given in Table A with respect to chromates Nos. 
146, 147,149, 151, and 152, as well as chromates 
Nos. 43, 102, 103, 125, 131, 144, and 148. These 
chromates, in general, have low phytotoxic ac 
tion. Chromate No. 146 represents chromates 
containing high molecular weight organic and 
nitrogenous and thio groups. 

Representative chromates Nos. 146 and 147 
controlled apple scab very well with nophytotoxic 
effect on the .foliage when used in sprays con 
taining from 0.33 to 3 pounds of the chromate 
per 100 gallons of water (see Table 4). 

Cobalt and nickel may be used as the sole 
multivalent metal of_ the chromate or they may‘ 
be used in conjunction with other metals. Data 
from tests on chromates containing cobalt and 
nickel are given in Table A with respect to chro 
mates Nos. 153, 154, and 155, as well as chro 
mates Nos. 58 to 67, inclusive, 92, and 93. The 
cobalt chromates exhibited good insecticidal 
characteristics on cankerworms and Colorado 
potato beetles. Both chromates had relatively 
low phytotoxic action. 
Uranium may be used as the sole multivalent 

metal in the chromate or in conjunction with 
another metal. Data from tests on such chro 
mates are given in Table A with respect to 
chromates Nos. 41 and 42 (with copper) and 
158 (with iron). ’ 

Because of the high cost of uranium, chro 
mates containing this metal are considered pri 
marily as complex chromates where the uranium 
is used in conjunction with a cheaper metal or 
where the uranium is used in a small proportion 
to other toxic metal in the chromates to broaden 
the toxicity range. ‘ 

Because of the- phytotoxicity of silver, this 
metalmay be used only in conjunction with a 
multivalent metal. Data from tests on com 
plex chromates containing silver are given in 
Table A with respect to chromates Nos. 56, 96, 
and 122, showing good results in weathering tests 
and good control of both late and early blight. 
The complex basic chromates of silver and a 
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multivalent metal were ,found to have lower 
phytotoxicity than Ag2Cl‘O4 and thus the multi 
valent metal may be considered a safening com—' 
ponent. tor silver phytotoxicity. 
Mercuric mercury may be used as the sole 

multivalent metal of the chromate or mercury 
may be used in conjunction with other metals. 
Data irom tests on chromates containing mercury 
are given in Table-.A with respect to chromates 
Nos. 57, 9'7, 111, and 121. All of these chromates 
inhibit fungi quite well, have relatively low 
ph‘ytotoxicity, and those tested against insects 
have relatively good insecticidal characteristics. 
Thorium may be used as the multivalent metal 

of the chromate. Data from a test on such a 
chromate is given on Table A with respect to 
chromate No. 161. 

If desired, non-metallic groups may be'used 
with, or as a, substitute for a portion of, the multi 
valent metal or as a substtiute for a portion of 
the chromate radical. Thus the chromates may 
contain nitrogenous groups, thio groups, and or 
ganic groups. The nitrogenous groups include 
ammonia, amines; imides, and cyclic compounds 
containing nitrogen and nitro compounds, in fact 
any organic compound having a basic reaction 
where the organic radical is capable of substitu 
tion for a part of the multivalent metal or hav 
ing an acidic reaction where the organic radical 
is capable of substitution for a part of the chro 
mate radical. The thio groups include basic and 
acidic ring and chain compounds containing sul 
fur. The organic groups may be saturated or un 
saturated, cyclic or acyclic, carbocyclic or hetero 
cyclic and may contain other substituents, for in 
stance as metals, in metal organic compounds or 
the nitrogen or sulfur aforesaid. 
Data from tests of typical chromates are given 

in Table A with respect to chromates Nos. 23, 77, 
78, 79, 80, 104, 105, 144, 145, 146, and 149. The 
ammonium-copper chromate No. 23 gave good 
control of both late and early blight and a low 
phytotoxicity combined with good weathering 
characteristics. The nitro-aromatic compounds 
78, 79, 104, and 105 showed no phytotoxicity on 
tomato as contrasted with the known phytotox 
icity of the nitro-aromatic compounds when used 
alone as insecticides. These materials are exam 
ples of complex chromates containing an insecti 
cidal component. Chromates Nos. 78 and 79 
"rated B and chromate No. 104 rated A in insecti 
cide tests on Mexican bean beetle larvae tested 
on bean plants, var. Tendergreen. The test 
method and ratings were as explained for canker 
worm. In a ?eld test on string beans against leaf 
hopper nymphs, untreated plants averaged 35.4 
nymphs per 20 leaves while plants treated with 
aqueous sprays of chromate No. 105 (4 pounds per 
100 gallons) averaged only 4.3 nymphs per 20 
leaves. The count was made 72 hours after 
spraying the plants. - 

Of the chromates disclosed herein, those con 
taining, in the positive ion, two or more multi 
valent metals, those containing a, heavy metal 
and a safening metal, and those containing a 
heavy metal and an organic group are, in general, 
believed to be new materials, particularly where 
their chromate solubilities lie between .0001 and 
.03. 
The metal chromates contemplated herein may 

_’ be applied in any suitable manner. They are all 

75 

solids and non-volatile at temperatures up to at 
least 60° C. and are to be distinguished from vola 
tile materials containing chromium which are 
used as iumigants. In cases where the reactants 
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which produce the chromates are phytotoxic, the 
chromates are formed before they are applied to 
the plants, that is the chromates are applied to 
the plants as chromates; the reactants which pro 
duce the chromates are‘ not applied with the idea 
that the chromates will be formed in situ, as the 
reactants will usually attack the plant. How 
ever, this does not preclude the possibility that 
the chromates after application to the foliage may 
change somewhat in composition over a period of 
time as a result of weathering. 
The chromates may conveniently be applied as 

a slurry or- suspension; for instance, the suspen 
sions may be sprayed on trees, plants and the like, 
a 1% (by weight) aqueous suspension being 
sprayed on commercially planted potatoes at the 
rate of about 100-125 gallons per acre, and on 
other plants in proportion to give the necessary 
coverage. The chromates may also be~ applied 
to plants in foliage as a dust from 1171118 machines 
or from the usual dusting machines with‘or with 

~ out materials added for some purpose such as to 
increase tenacity or merely for extending pur 
poses. However, a feature of the invention is 
that the chromates contemplated herein generally 
remain in place on the plant very well. without 
the use of added "stickers” to promote adhesion. 
Adhesives may, however, be used,‘ particularly 
with the chromates which are the least'resistant 
to weathering. When dusting on plants, the dust 
ing composition preferably comprises a very, large 
proportion of cheap added material, for instance 
tales or clays, acting as diluents or extenders, as 
the chromates are so effective that an exceedingly 
small amount is required on any area for inhibi 
tive purposes. Bentonite is a combined-extender 
and adhesive but any other suitable extender or 
adhesive or combined adhesive and extender may 
be used. Suitable dusts to be used in-the usual 
dusting machines may‘ carry as little as'gl' part by 
weight of the chromate in 100 parts of dusting 
composition, but the chromates may be with 
out diluents. To determine whether ’the' chro 
mates contemplated herein could be applied as a 
dust as well as a slurry. and the eifect of applying 
the chromates as dusts, a series of representative 
chromatw was dusted on tomato plants. No dil 
uent was used. Some of the plants were ‘then in 
fested with late blight and others with early 
blight (procedure previously described). ‘After a 
few days in the greenhouse the percent disease 
relative to untreated plants was recorded. A 
phytotoxicity rating was made in the described 
manner at the same time. The results are re-_ 
corded below: 1 . 

TABLE 7 

m an Per Cent Disease 
en _ . 

cation Multivalant Metals Egg?” 
No. Late Early 

, Blight sum 

0 as o 
1.8 1.1 o 

as 1 
3.1 ........ .. o 

9.2 .o 1 
2s is o 
o 5.0 1 
as 1 
o 4.4 1 
4.0 21 o 
1.2 5.1 o 
as 11 1 
as 1.3 1 
o 4.8 1 
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Ohromate No. 164 ‘illustrates that chromates 

with high solubilities are phytotoxic when applied 
as a dust as well as when applied as a slurry. 
A feature of the invention is that one of the 

metals combined with the chromium in the chro 
matc may be a metal which is highly poisonous 
to insects, for instance arsenic. Chromates of 
thistypearetoxictobothfungiandinsects. 
However, although the chromates are preferably 
the dominant toxic or inhibiting agent in the 
composition, insecticides (both of the killing and 
of the repelling types) may be used with the chro 
mates, as well as adhesives, diluents or extenders 
and adJuvants. These added materials may, in 
general, be referred ‘to as “addends.” They 
should not be used in amounts which make the 
fungicidal composition phytotoxic, they are pref 
erably nonphytotoxic in themselves and they are 
preferably non-reactive with-the chromates at 
least to such an extent, nor, if phytotoxic are 
they used to such an extent, as to make the com 
position phytotoxic or to destroy the fungicidal 
action-of the chromate as by reducing the hexa 
valent chromium below the lower limits of chro 
mate solubility. The chromates ‘contemplated 
herein are substantially neutral from a chemical 
point of view with respect to the addends, at 
least in the concentrations and under the con 
ditions desirable for the purposes of phytotox 
icity and inhibitive action. Insecticides may be 
made by combining in the chromate a metal or an 
organic radical of a suitable type, for‘instance a 
nitro-aromatlc radical such as those previously 
described. If desired, known materials, iforv in 
stance the various nicotine materials or pyreth 
rum, rotenone, “DDT," calcium arsenate, lead 
arsenate or sulfur, which are either toxicants or 
repellents for insects ‘(the sulfur also being a 
fungicide), may be used in conjunction with the 
chromates. Thus in insecticidal compositions 
comprising the chromates and the addends, the 
chromates exert their own killing or repellent or 
inhibitive characteristics and they assist (or they 
may be assisted by) compatible addends in exert 
ing the desired effects. ' 

Field tests on potatoes show that DDT and 
calcium arsenate in standard insecticidal doses. 
when combined with the chromates contemplated 
herein. give the full insecticidal control, as in 
dicated in the following table: 

TABLE 8 

Per Cent ury 
Relative to n 
txmted Check 

Plants 
Lbs. per 100 Gallons 

Identi?cation 
. No. 

- ' Tip Burn 

- Chro- Due to 
mate Leaf 

Calcium 
Arsenate - 

Flea 
DDT Beetle 

Hopper 

19 
29 
i6. 5 4.0 

Thus the chromates contemplated herein do 
not interfere with the insecticidal action of the 
insecticides. Estimates of late blight infecta 
tions show that the chromates control late blight 
when applied along with either DDT or calcium 
arsenate. The insecticides alone did not control 
the fungus. 
Greenhouse disease tests were made in the 

7| manner previously described to determine the per 














